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HEAHING CHARTER 

COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY 
U.S. HOUSE OF REPRESENTATIVES 

Impacts of the LightSquared Network on Federal 
Science Activities 

WEDNESDAY, SEPTEMBER 8, 2011 
2:00 p.M. — 4:00 p.m. 

2318 RAYBURN HOUSE OFFICE BUILDING 


Hearing Purpose 

The purpose of this hearing is to examine the concerns and issues associated with 
interference on the Global Positioning System (GPS) signal from the proposed 
LightSquared LLC terrestrial broadband network related to federal scientific activi- 
ties. 

The committee will review the results of recent testing on the impact of the 
LightSquared network on the GPS signal. Potential interference could disable the 
GPS signal used for critical U.S. Government services and science missions such as 
the Next Generation Air Transportation System, Earth and space science missions, 
communications and navigation, space mission operations, weather predication and 
climate observation, search and rescue, disaster response and public safety, naviga- 
tion, geodesy, and marine research platforms and services. In addition, the Com- 
mittee will examine measures and costs necessary to implement and prioritize miti- 
gation strategies at federal departments and agencies. 

Background 

LightSquared is a Mobile Satellite Service (MSS) telecommunication company 
owned by Harbinger Capital Partners Funds that was formed in 2010 with plans 
to provide a wholesale, nationwide 4G wireless broadband network through their ex- 
isting mobile satellite communications services and a ground-based wireless commu- 
nications network that uses the same L-band radio spectrum as their satellites. 
LightSquared’s predecessor companies include SkyTerra Communications, Inc. 
(SkyTerra), Mobile Satellite Ventures (MSV), Motient Services Inc. and American 
Mobile Satellite Company (AMSC). ^ 

LightSquared operates its satellite service using two geostationary satellites that 
cover North America and is also authorized to operate a “next-generation” satellite 
called SkyTerra-1, launched on November 14, 2010. 

The new LightSquared terrestrial network will be located in the same frequency 
band as their satellite service, which is adjacent to existing GPS spectrum, and 
transmitted through approximately 40,000 base stations located primarily in major 
city markets. A number of GPS stakeholders have raised concerns with the Federal 
Communications Commission (FCC) that the proposed LightSquared business plan 
will interfere with existing GPS-based services. 

In 2003, the FCC adopted initial rules allowing commercial satellite service pro- 
viders to operate a ground network integrated with their satellite service. These in- 
tegrated ground networks are referred to as an Ancillary Terrestrial Component 
(ATC) of a Mobile Satellite Service (MSS) and were intended to “fill in” gaps and 
boost the penetration of the original satellite signal within dense urban environ- 
ments. The integrated ATC network would simply augment the satellite signal. 

The initial ATC ruling permitted MSS providers to enhance their satellite service 
but was not intended to become an independent terrestrial network. The FCC stated 
in the 2003 ruling: 

The purpose of our grant of ATC authority is to provide satellite licensees flexibility 
in providing satellite services that will benefit consumers, not to allow licensees to 
profit by selling access to their spectrum for a terrestrial-only service. ^ 

In 2004, the FCC granted LightSquared (then known as MSV) conditional ap- 
proval to build its integrated ATC ground-based wireless network using its satellite 


1 FCC DA 11-133, January 26, 2011. 

2 FCC 03-15, February 10, 2003. 
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spectrum near the GPS signal. ® At that time, the GPS industry concluded that in- 
terference with GPS signal would be manageable as the ATC would simply augment 
the satellite signal. 

MSV changed its name to SkyTerra in 2008.^ In 2010, Harbinger Capital Part- 
ners Funds became the principal owner of SkyTerra, ® and subsequently renamed 
the company LightSquared. The newly formed company also developed a new busi- 
ness plan to provide a wholesale, nationwide 4G wireless broadband network 
through their existing mobile satellite communications services and an integrated 
ground-based wireless communications network that uses the same L-band radio 
spectrum as their satellites. 

On January 26, 2011, the FCC granted LightSquared a conditional waiver of its 
ATC authority “integrated service rule” meaning its customers could offer terrestrial 
only services. ® LightSquared maintains that its network will continue to offer both 
satellite and terrestrial services bundled together but that its wholesale customers 
could sell smartphones and similar devices that are only capable of transmitting and 
receiving with the terrestrial base stations. ^ The approval also required 
LightSquared to form a Technical Working Group (TWG) and issue a GPS inter- 
ference assessment report, due to the FCC on June 15, 2011. 

In March 2011, LightSquared formed the TWG with industry representatives and 
government officials to conduct testing and report the results of impacts on the GPS 
signal. Comments and responses on the TWG report were due on August 15th. Re- 
cent congressional testimony on the report’s findings indicate significant inter- 
ference between the LightSquared signal and the GPS signal. ® 

Independent of the FCC-ordered study, the U.S. Government’s National Space- 
Based Positioning, Navigation, and Timing Systems Engineering Forum (NPEF) 
conducted its own testing of the potential interference to military and civilian GPS 
users from LightSquared’s terrestrial network. The NPEF completed its report on 
June 1, 2011, and concluded that harmful interference to the GPS signal would re- 
sult from the LightSquared network. The NPEF report recommended that the FCC 
withhold authorization for LightSquared to commence commercial operations and 
stated: 

The U.S. Government should conduct more thorough studies on the operational, 
economic and safety impacts of operating the LightSquared Network. 

In light of the test results from the TWG and the NPEF reports, LightSquared 
has proposed a new plan to initiate commercial operations utilizing the lower 10 
MHz of its L-band spectrum that the company believes will minimize interference 
with the GPS signal. ® While LightSquared maintains its new proposal will signifi- 
cantly reduce interference to a large percentage of the GPS user community, its im- 
pact on aviation, space-based, and high precision users, such as the FAA NextGen, 
NASA Earth Science missions, GPS meteorology, seismology, and NOAA weather 
satellites and marine surveyors remains uncertain. While these users represent a 
small percentage of the overall GPS community, their services are critical to U.S. 
government operations and science missions. 

The latest LightSquared proposal would first utilize the lower 10 MHz of its L- 
band spectrum allocation that is the farthest away from the GPS signal at reduced 
power. Over time, provided interference concerns with the GPS signal could be suffi- 
ciently mitigated, LightSquared would then start operations across its entire upper 
and lower spectrum allocation. Although not specifically tested, the TWG report con- 
tains numerous recommendations (see Appendix 1) to conduct additional testing on 
the impact on the GPS signal if the FCC were to authorize LightSquared’s latest 
commercial operations proposal. 

On July 6, 2011, the National Telecommunications and Information Administra- 
tion (NTIA) sent a letter to the FCC stating that, based on the government testing 
and analysis, earlier concerns about GPS interference remain unresolved and addi- 
tional testing is necessary. NTIA recommended that the FCC continue to withhold 
authorization for LightSquared to commence commercial operations, stating: 


3 FCC DA 04-3553, November 8, 2004. 

“Notice to Noteholders — Name Change,” SkyTerra Press Release, December 8, 2008. 

5 FCC DA 10-535, March 26, 2010. 

6 FCC DA 11-133, January 26. 2010. 

7 Ibid. 

® Hearing titled “GPS Reliability: A Review of Aviation Industry Performance, Safety Issues, 
and Avoiding Potential New and Costly Government Burdens,” Committee on Transportation 
and Infrastructure, U.S. House of Representatives, June 23, 2011. 

9 FCC Proceeding filing 11-109, June 30, 2011. 

Final Report of the Technical Working Grouup, June 30, 2011. 
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NTIA supports the [National Executive Committee for Space-Based Positioning, 
Navigation, and Timing] EXCOM’s recommendation that additional tests be per- 
formed and recommends that the FCC continue to withhold authorization for 
LightSquared to commence commercial operations until all the available test data 
can be analyzed and all valid concerns have been resolved. 

On May 11, 2011, the National Executive Committee for Space-Based Positioning, 
Navigation, and Timing requested Departments and agencies assess the impacts of 
LightSquared’s concept for operations. The PNT-NCO asked Departments and agen- 
cies to answer the following questions: 

• Summarize and quantify current and future benefits provided by use of GPS- 
based application and any cost-benefit analyses. 

• Summarize and quantify total sunk costs in GPS-based infrastructure (prior 
years to date) and planned investments going forward. 

• To the extent possible, qualify, quantify, and describe risks to your agency’s 
GPS-based mission capability, including “lost benefits” if GPS performance were 
degraded (or lost) due to LightSquared’s signals including the costs to modify 
(or replace) GPS receiver infrastructure and the time frame required to replace 
that infrastructure. 

As stated previously, comments on the TWG report were due on July 29, 2011, 
and responses to comments were due on August 15, 2011. At this point, the FCC 
can rule on whether to approve LightSquared’s proposal at any time. While it is pos- 
sible that the FCC could approve LightSquared’s proposal, the Commission has stat- 
ed that it “will not permit LightSquared to begin commercial service without first 
resolving the Commission’s concerns about potential widespread harmful inter- 
ference to GPS devices. The FCC International Bureau’s Grder of January 26, 2011 
(Grder), outlines our interference concerns and unambiguously conditions 
LightSquared’s commercial operation on first resolving those challenges to our satis- 
faction. Under no circumstances would I put at risk our nation’s national defense 
or public safety.” 

Issues 

Mitigation 

While LightSquared announced that their new proposal (which offers to delay the 
use of the upper band of their spectrum) mitigates interference with 99 percent of 
GPS receivers, the GPS industry has challenged these claims.'^’'"* There would still 
be interference, however, with high precision ers — the primary users of GPS that the 
Committee is concerned with. Recent statements by LightSquared indicate that the 
remaining interference can be minimized by the use of filters. Questions remain as 
to whether this is actually possible, whether such a plan would require additional 
testing, how much this would cost, who would bear the costs of developing these fil- 
ters, and who would be responsible for retrofitting impacted receivers. 

Spectrum Use 

LightSquared’s new proposal also states that they will, “delay incorporating into 
its terrestrial network the upper 10 MHz of its frequencies in which transmissions 
may jeopardize legacy GPS usage,” but will “work with the FCC, NTIA, and other 
government agencies to explore all options for using a full complement of terrestrial 
frequencies.” Assuming LightSquared’s proposal is allowed by the FCC, it is un- 
certain whether the FCC will prevent LightSquared from operating in the upper 10 
MHz, or if this prohibition will be self-imposed. Issues also exist relative to how to 
determine an acceptable level of interference, who makes this determination, and 
when this determination can be made. 

Spectrum Encroachment 

High precision GPS receivers utilize a technique that receives augmentation sig- 
nals over a wide swath of Global Navigation Satellite System (GNSS) spectrum in 


NTIA Letter to FCC, July 6, 2011. 

12 Letter from Chairman Genachowski, FCC, to Senator Grassley, May 31, 2011. 

11 FCC filing, Recommendation of LightSquared LLC, June 30, 2011. 

11 http:! ! www.saveourgps.orgl pdf! TWG Final Report 2 Page Summary.pdf. 

1® FCC filing. Recommendation of LightSquared LLC, June 30, 2011. 



6 


order to achieve sub-centimeter accuracy, These receivers also “look” across the 
spectrum allocated to LightSquared. While regulations exist to restrict broadcasts 
to certain portions of the spectrum, no regulations exist related to receivers. There- 
fore, LightSquared argues that interference “is not caused by emissions from 
LightSquared’s base stations into the GPS band, but from the failure of these legacy 
GPS receivers to reject transmissions from LightSquared’s licensed frequencies, 
which are adjacent to the spectrum allocated for use by GPS.” Conversely, the GPS 
industry argues that the LightSquared spectrum was originally planned to be for 
a Mobile Satellite Service (MSS), which, by design, can coexist with the GPS signal 
since it is of a similar strength. Furthermore, the GPS industry claims that the out- 
of-band spectrum that high precision GPS receivers use in LightSquared’s spectrum 
can coexist without interference as long as the signal strength used by 
LightSquared in its spectrum remains predominately satellite based as originally 
planned. Although FCC waivers have allowed satellite providers to operate ancillary 
terrestrial components (ATC) to augment satellite signals, agreements were made 
to prevent interference with not only other bands, but also interference with a pro- 
vider’s own satellite signal. With LightSquared’s proposal to operate a predomi- 
nately terrestrial network, bundled with a satellite service, adjacent to a low-level 
GPS signal, these interference issues have now become problematic. 

Witnesses 

• Mr. Anthony Russo, Director, National Coordination Office for Positioning, 
Navigation and Timing 

• Ms. Mary Glackin, Deputy Under Secretary, National Oceanic and Atmospheric 
Administration 

• Mr. Victor Sparrow, Director, Spectrum Policy, Space Communications and 
Navigation, Space Operations Mission Directorate, National Aeronautics and 
Space Administration 

• The Honorable Peter Appel, Administrator, Research and Innovation Tech- 
nology Administration, Department of Transportation 

• Dr. David Applegate, Associate Director, Natural Hazards, U.S. Geological Sur- 
vey 

• Mr. Jeffrey J. Carlisle, Executive Vice President, Regulatory Affairs and Public 
Policy, LightSquared 

• Dr. Scott Pace, Director, Space Policy Institute, George Washington University 


1® FCC Filing SAT-MOD-20101118-00239, Feb. 25, 2011. 

Letter to the Office of Spectrum Management, NTIA, from Mobile Satellite Ventures L.P. 
and the U.S. GPS Industry Council, July 25, 2002. 
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Appendix 1 

GPS Technical Working Group (TWG) Final Report — 6130/2011 (Excerpts) 

2.7.5 Space-based Receivers 

• In NASA's view, the interference to space-based GPS receivers used for [radio 
occultation (RO)] RO would be severely disruptive to NASA's science missions 
based on the test and analysis conducted in the TWG. Space-based GPS receiv- 
ers used for navigation and precise orbit determination would receive a lesser 
amount of interference, though interference would occur. 

• NASA is of the view that, although the TWG members worked diligently and 
in good faith throughout the period prescribed by the FCC, it was impossible 
to adequately evaluate and thoroughly investigate potential interference mitiga- 
tion options for space-based and high precision science receivers. 

3.1 Aviation Sub-Team 

• Compatibility of aviation GPS operations with a single lower 10 MHz channel 
could not be determined definitively without additional study. 

3.4 High Precision, Timing, and Networks Sub-Team 

• 1.1 GPS Community Positions 

• (5) In the lower 10 MHz channel configuration, 31 of 33 High Precision and 
Network GPS receivers tested experienced harmful interference within the 
range of power levels that would be seen inside the network. High precision 
receivers fielded today would experience harmful interference at up to 5 km 
from a single LightSquared base station. 

• With respect to possible mitigations: 

• (4) We believe more study is required on the feasibility of building future 
wideband High Precision, Network, and Timing receivers and augmentation 
systems that would be compatible with LightSquared terrestrial signals and 
which would provide the same performance as today's receivers and systems. 
We do not foresee any possibility that LightSquared signals near the GPS 
band could ever be compatible with wideband receivers. 

• (6) The viability of proposed future concepts to accommodate high precision 
GPS and MSS augmentations in the presence of interference from 
LightSquared terrestrial operations only in the lower lOMHz band has not 
been tested or validated as part of this study. 
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Appendix 2 — Legislation 

HR 2596. Commerce, Justice, Science Appropriations Act 

• Committee Report 112-169: Spectrum interference issues. — The Committee is 
aware that NTIA and the Federal Communications Commission (FCC) are in 
the midst of a regulatory process with respect to the Global Positioning System 
and that a technical working group is reviewing potential interference issues. 
NTIA is directed to report to the Committee following completion of the tech- 
nical working group activities, but no later than August 1, 2011, regarding the 
discoveries of this technical working group and the scientific steps necessary to 
address any potential interference concerns. 

HR 2434. Financial Service Appropriations Act 

• Section 633: None of the funds made available in this Act may be used by the 
Federal Communications Commission to remove the conditions imposed on com- 
mercial terrestrial operations in the Order and Authorization adopted by the 
Commission on January 26, 2011 (DA 11-133), or otherwise permit such oper- 
ations, until the Commission has resolved concerns of potential widespread 
harmful interference by such commercial terrestrial operations to commercially 
available Global Positioning System devices. 

• Committee Report 112-136: The Committee is aware of concerns related to pos- 
sible interference to Global Positioning System (GPS) devices due to terrestrial 
broadband service. The Committee remains engaged on this issue and awaits 
the final report by the Technical Working Group. 

HR 1540. National Defense Authorization Act, 2012 

• Committee Report 112-78: The committee is aware that the Federal Commu- 
nications Commission (FCC) issued a conditional order to a commercial commu- 
nications company on January 26, 2011, authorizing it to provide broadband 
voice and data communications services that potentially interfere with GPS. 
The committee recognizes that the Armed Forces are highly dependent on GPS 
capabilities and services. The committee believes that any space-based or ter- 
restrial-based commercial communications service that has the potential to 
interfere with GPS should not receive final authorization to provide service 
within the United States by the FCC unless and until the potential interference 
with GPS is resolved. Such commercial services are planned to be transmitted 
from 40,000 land-based towers across the United States. The committee under- 
stands, based on information received from the Air Force, that the signal 
strength of such service is estimated to be one billion times more powerful than 
the GPS signal. Though the commercial service would broadcast on a frequency 
adjacent to GPS, it may still overwhelm GPS receivers, potentially causing a 
denial of service for millions of users in the United States rel 3 dng on GPS navi- 
gation and timing services. Such users included the military, emergency re- 
sponders, maritime and aeronautical emergency communication systems, bank- 
ing transactions, air traffic and ground transportation systems, and myriad 
commercial applications. The committee understands that the Deputy Secretary 
of Defense sent a letter to the Chairman of the Federal Communications Com- 
mission on January 12, 2011, highlighting the “strong potential for interference 
to . . . critical national security systems,” and “strongly recommend[ing] deferral 
of final action on [the FCC order and authorization] until the proper inter- 
ference analysis and mitigation studies can be conducted.” 

HR 2112. Agriculture, Rural Development, Food and Drug Administration, and Re- 
lated Agencies Appropriations Act, 2012 

• Committee Report 112-101: GPS Interference. — The Committee recognizes that 
the use of the Global Positioning System (GPS) is critical to USDA’s mission, 
including natural resource monitoring, forest firefighting, law enforcement, and 
research. In addition, precision agriculture would not be possible without GPS. 
It is estimated that U.S. farmers and ranchers have invested more than $3 bil- 
lion in GPS technologies. 

• The Committee is aware of a decision by the Federal Communications Commis- 
sion that may disrupt the use of GPS, causing significant problems for USDA 
and our Nation’s farmers and ranchers. The Committee directs USDA to ensure 
the FCC is aware of these concerns and to work with other Federal agencies. 
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such as the Department of Defense and the Department of Transportation, to 
address them. 
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Appendix 3 — International Perspective 
European Commission 

On July 19, 2011, the head of the European Commission’s Directorate General for 
Enterprise and Industry, Heinz Zourek, the agency that oversees all operations of 
the Galileo program, has filed an official comment with the FCC regarding the pro- 
posed LightSquared network. The Commission expressed grave concern over inter- 
ference with GPS and the future European Galileo satellite navigation system. The 
filing states: 

• “I am writing to express our deep concerns about the LightSquared system that 
is proposed for operation in frequencies immediately below the radionavigation- 
satellite service (RNSS) allocation at 1559-1610 MHz. This band is the core 
band used by global satellite navigation systems including GPS and you are no 
doubt aware that Europe is at the advanced planning stage for its own system, 
Galileo, which will be operational by 2014/15, and that will also use this RNSS 
allocation. The LightSquared proposal for a terrestrial network deployment in 
MSS spectrum would completely change the nature of radio transmissions in 
the band.” 

EUMETSAT 

The European Organisation for the Exploitation of Meteorological Satellites 
(EUMETSAT) is an intergovernmental organization to establish, maintain and ex- 
ploit European systems of operational meteorological satellites. 

On July 26, 2011, EUMETSAT filed a comment with the FCC in response to the 
LightSquared proposal. The filing stated: 

• “In reviewing the results and conclusions of the Technical Working Group Re- 
port regarding space-based GPS receivers in section 3.5 of the report, 
EUMETSAT shares the concerns expressed by NASA, that interference to 
space-based GPS receivers used for Radio Occultation (RO) would be severely 
disruptive also to the GRAS instrument on Metop.” 

• “Furthermore, the initial assessment of interference mitigation options have 
shown that even a restriction of the LightSquared operations to the lower 10 
MHz channel would not mitigate the amount of interference to an acceptable 
level. Thus, EUMETSAT supports the view of NASA that the only mitigation 
technique which would resolve interference to space-based GPS receivers used 
for Radio Occultation is to relocate high power terrestrial operations to a dif- 
ferent frequency band.” 
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Appendix 4 — Illustration of Concerns with LightSquared 
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Chairman Hall. I’d like to welcome you to today’s hearing enti- 
tled “Impacts of the LightSquared Network on Federal Science Ac- 
tivities,” and in front of you are the packets containing the written 
testimony, biography, and truth in testimony disclosures for today’s 
witnesses. We have two, four, six, seven. 

I recognize myself for five minutes for an opening statement. 

The United States is the clear leader in precision, navigation, 
and timing because of its consistent investment in the global posi- 
tioning system. This investment has been protected and reaffirmed 
by successive Administrations’ support, which has led to the — one 
of the greatest technological achievements I guess this Nation has 
ever created. It is one that both government and industry can be 
proud of, and it is the gold standard for billions of people around 
the world. 

While it is nearly impossible to quantify the exact impact GPS 
has on society, it has certainly had an enormous impact on eco- 
nomic productivity, furthered scientific understanding, and mod- 
ernized our national defense. Some recent reports estimate GPS en- 
ables over three trillion in direct and indirect economic activity and 
has created over three million jobs, a fact that should not be over- 
looked with the President preparing to speak before Congress in a 
few short hours on the state of our economy. 

In addition to the economic significance, the Global Positioning 
System is also an important aspect of many federal operations and 
scientific activities. Aerial and satellite imagery, weather fore- 
casting, climate observation, search and rescue, air traffic manage- 
ment, rail transportation, traffic management, vessel navigation, 
emergency response and mapping, time distribution, seismic moni- 
toring, land surveys, resource management, agriculture, engineer- 
ing, and scientific observations all depend on GPS. Any potential 
disruption to GPS and the science activities that it supports is of 
utmost concern to this committee. 

LightSquared has proposed a network to support the President’s 
challenge to identify 500 megahertz of new spectrum for broadband 
service. While the President’s goal is certainly commendable, it 
should not be accomplished by destroying existing systems and ap- 
plications. As the President’s own National Space Policy states, the 
United States must, “maintain its leadership in the service, provi- 
sion, and use of global navigation satellite systems,” and “invest in 
domestic capabilities and support international activities to detect, 
mitigate, and increase resiliency to harmful interference for GPS.” 

The purpose of this hearing is to examine the potential impact 
of the LightSquared Network on federal science activities. In doing 
so we hope to ensure that all the affected agencies are aware of the 
potential issues, have communicated those concerns effectively, are 
identifying potential mitigation strategies, and are calculating the 
costs associated with those mitigation strategies. In preparing for 
this hearing we have seen varying degrees of preparation by agen- 
cies. Some have done the expected due diligence, and some clearly 
have not. 

Although the FCC has stated that it will not allow LightSquared 
to begin commercial service without first resolving the interference 
issue, nothing actually prevents the FCC from moving forward at 
this point. Since the testing that was conducted this spring and 
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summer, LightSquared has put forth a modified plan. Unfortu- 
nately, no testing has heen done on this modified plan. I agree with 
the agencies before us today that additional testing should he re- 
quired before the FCC allows LightSquared to begin commercial 
service. 

Ensuring that GPS is protected is a vital national interest. Its 
economic impact is clear, and its utility to science is unquestion- 
able, but what is also important is the real impact on lives. Last 
month the FAA announced that LightSquared’s previous proposal 
would result in billions of dollars of investment loss, a decade of 
delays to ongoing projects, a cost impact of roughly 72 billion, and 
almost 800 additional fatalities, and that is just one Administra- 
tion. Compromising the GPS would also benefit foreign systems 
and threaten U.S. leadership. As we have recently seen dependence 
on Russia for access to International Space Station has already 
compromised U.S. interests. Reliance on Russia’s GLONASS Sys- 
tem, China’s COMPASS System, of Europe’s GALILEO System for 
the precision, navigation, and timing would be just as costly. 

We have to find a way to open up more spectrum for broadband 
but not at the expense of GPS. This is, however, a two-way street. 
GPS users and agencies also have to be mindful that developing 
applications outside of their spectrum is dangerous and ripe for 
conflict, even though previously there were no problems. 

[The prepared statement of Mr. Hall follows:] 

Prepahed Statement of Chairman Ralph M. Hall 

Good afternoon. Welcome to today’s hearing titled “Impacts of the LightSquared 
Network on Federal Science Activities.” The United States is the clear leader in pre- 
cision, navigation, and timing because of its consistent investment in the Global Po- 
sitioning System. This investment has been protected and reaffirmed by successive 
Administrations’ support, which has led to one of the greatest technological achieve- 
ments this nation has ever created. It is one that both government and industry can 
he proud of and is the gold standard for billions of people around the world. While 
it is nearly impossible to quantify the exact impact GPS has had on society, it has 
certainly had an enormous impact on economic productivity, furthered scientific un- 
derstanding, and modernized our national defense. Some recent reports estimate 
GPS enables over $3 trillion in direct and indirect economic activity and has created 
over three million jobs — a fact that should not be overlooked with the President pre- 
paring to speak before Congress in a few short hours on the state of our economy. 

In addition to its economic significance, the Global Positioning System is also an 
important aspect of many federal operations and scientific activities. Aerial and sat- 
ellite imagery, weather forecasting, climate observation, search and rescue, air traf- 
fic management, rail transportation, traffic management, vessel navigation, emer- 
gency response and mapping, time distribution, seismic monitoring, land surveys, 
resource management, agriculture, engineering and scientific observations all de- 
pend upon GPS. Any potential disruption to GPS, and the science activities that it 
supports, is of utmost concern to this Committee. 

LightSquared has proposed a network to support the President’s challenge to 
identify 500 megahertz of new spectrum for broadband service. While the Presi- 
dent’s goal is certainly commendable, it should not be accomplished by destroying 
existing systems and applications. As the President’s own National Space Policy 
states, the United States must “maintain its leadership in the service, provision, 
and use of global navigation satellite systems (GNSS),” and “[ijnvest in domestic ca- 
pabilities and support international activities to detect, mitigate, and increase resil- 
iency to harmful interference to GPS.” 

The purpose of this hearing is to examine the potential impact of the 
LightSquared network on federal science activities. In doing so, we hope to ensure 
that all of the affected agencies are aware of the potential issues, have commu- 
nicated those concerns effectively, are identifying potential mitigation strategies, 
and are calculating the costs associated with those mitigation strategies. In pre- 



14 


paring for this hearing, we have seen varying degrees of preparation by agencies. 
Some have done the expected due diligence and some clearly have not. 

Although the FCC has stated that it will not allow LightSquared to begin com- 
mercial service without first resolving the interference issue, nothing actually pre- 
vents the FCC from moving forward at this point. Since the testing that was con- 
ducted this spring and summer, LightSquared has put forth a modified plan. Unfor- 
tunately, no testing has been done on this modified plan. I agree with the agencies 
before us today that additional testing should be required before the FCC allows 
LightSquared to begin commercial service. 

Ensuring that GPS is protected is a vital national interest. Its economic impact 
is clear, and its utility to science is unquestionable, but what is also important is 
the real impact on lives. Last month the FAA announced that LightSquared’s pre- 
vious proposal would result in billions of dollars of investment lost, a decade of 
delays to ongoing projects, a cost impact of roughly $72 billion, and almost 800 addi- 
tional fatalities — and that is just one Administration. Compromises to GPS would 
also benefit foreign systems and threaten U.S. leadership. As we have recently seen, 
dependence on Russia for access to the International Space Station has already com- 
promised U.S. interests. Reliance on Russia’s GLONASS system, China’s COMPASS 
system, or Europe’s GALILEO system for precision, navigation, and timing would 
be just as costly. 

We have to find a way to open up more spectrum for broadband, but not at the 
expense of GPS. This is, however, a two-way street. GPS users and agencies also 
have to be mindful that developing applications outside of their spectrum is dan- 
gerous and ripe for conflict, even though previously there were no problems. 

With that, I 3 deld to the Ranking Member from Texas, Ms. Johnson. 

Chairman Hall. I now recognize Ms. Johnson for her opening 
statement. 

Ms. Johnson. Thank you very much, Mr. Chairman. Good after- 
noon, and I would like to join you in welcoming our witnesses for 
today’s hearing. 

There is no question that the Global Positioning System has 
transformed our economy and our society in many ways. It has 
been an amazing accomplishment, and some here may be surprised 
to learn that this very successful program is a government initia- 
tive. The Global Positioning System was established by the Depart- 
ment of Defense to support their national security mission needs. 

But civilian agencies also rely on GPS to provide greater services 
for the American public. There is no doubt that GPS plays an es- 
sential role in public safety. This hearing will allow Members to 
better appreciate how agencies use GPS as well as what would be 
lost without a GPS. GPS satellite signals have also spawned an en- 
tire area of innovation in private industry with new hardware and 
applications that allow the average citizen unprecedented tools for 
location and navigation. All of this has been a free benefit to the 
Nation’s economy that is a product of sound management of the 
radio spectrum and direct government investment. 

The LightSquared proposal to build a nationwide broadband net- 
work into frequencies that sit next to GPS has provoked enormous 
controversy. I believe that if there is no way for LightSquared to 
move forward without damaging GPS, then the FCC should not ap- 
prove the company’s proposal. 

However, I do not believe that FCC would make a decision that 
compromises GPS services. The question the commission has to set- 
tle and the question that this hearing will not allow us to make 
much headway on is whether GPS can thrive side by side with a 
ground-based broadband network. 

I sincerely hope that they can coexist. Some of those supporting 
the GPS industry claim such coexistence is impossible. This sug- 
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gests the physics of cell towers sending out powerful transmissions 
will overwhelm the sensitive GPS receivers. 

However, others are feeling this is not a physics problem but an 
engineering challenge. With filters for GPS units and with reason- 
able beam shaping at cell towers, smart engineering can solve 
these problems. I do not know whether we are dealing with a phys- 
ics problem or an engineering challenge, but I am not convinced 
that any of the witnesses can today provide an answer to that 
question with absolute certainty. 

The agencies before us are testifying based on testing of GPS 
equipment under the original LightSquared proposal, in which the 
company would first build cell towers that broadcast in the portion 
of the spectrum immediately adjacent to that of GPS. That testing 
was not based on the new proposal from the company to use the 
portion of the spectrum that is most remote from GPS-assigned fre- 
quencies. 

I fully believe that the FCC will make its decision based on tech- 
nical assessments and not the political pressure that may come 
from private parties or even from committees of Congress or the 
Executive. I hope to learn as much as I can today about what addi- 
tional testing may be needed to inform the FCC’s processes. 

The core question for policymakers is this. Can we use the L- 
band, or some portion of it, of the radio spectrum for an earth- 
based broadband network without damaging GPS? I hope the an- 
swer is yes, and everyone here should hope the answer is yes, be- 
cause we need more broadband just as we need GPS. 

LightSquared is saying that they intend to invest $14 billion over 
the next eight years to build out the network, employing 14,000 
people in the process. In building more information technology in- 
frastructure, consumers would have more choice in their tele- 
communications and data services with lower costs and expanding 
access. 

We should also see accelerating innovation of data-intensive cel- 
lular applications that take advantage of the greater capacities of 
this new network, creating more jobs, more profits, and more 
growth in high-tech industries. And we are desperately in need of 
jobs, profits, and growth right now. 

And while I am skeptical that today we will get definitive an- 
swers to the most important policy questions, I look forward to lis- 
tening to the testimony, and I thank all of our witnesses for their 
participation. 

Thank you, and I yield back, Mr. Chairman. 

[The prepared statement of Ms. Johnson follows:] 

Prepared Statement of Ranking Member Eddie Bernice Johnson 

The Global Positioning Satellite system has been a complete success. It is, for 
those who don’t know, a government program. The GPS system was established by 
the Department of Defense to help assist their security mission needs, but civilian 
agencies also use the GPS system to provide greater services to the American pub- 
lic. There is no doubt that GPS plays an essential role in public safety. 

But that is not all that has come from this public investment. GPS satellite sig- 
nals have spawned an entire area of innovation in private industry with new hard- 
ware and applications that allow the average citizen unprecedented tools for location 
and navigation. All ofthis has been a free benefit to the economy from this govern- 
ment investment and sound management of the radio spectrum. 
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The LightSquared proposal to build a nationwide broadband network in the fre- 
quencies that sit next to GPS has provoked enormous controversy. On the one hand, 
GPS is too important to lose and so if there is no way for LightSquared to move 
forward without damaging GPS. On the other hand, the promise of enhanced infra- 
structure and the jobs that this might create is worthy of further study. This hear- 
ing will allow Members to better appreciate how OUI agencies use GPS as well as 
what would be lost should GPS suddenly go away. However, I do not believe that 
the FCC would make a decision that compromises GPS services. The question they 
have to settle, and the question that this hearing will not allow us to make much 
headway on, is whether GPS can thrive side-by>side with a ground-based broadband 
network. 

Some of those lobbying for the GPS industry claim such coexistence is impossible. 
They suggest the physics of cell towers sending out powerful transmissions would 
overwhelm sensitive GPS receivers. However, others argue that this is not a physics 
problem, but an engineering challenge. With filters for GPS units and with reason- 
able beam shaping at cell towers, smart engineering could solve these problems. It 
is unclear whether we are dealing with a physics problem or an engineering chal- 
lenge, and I do not believe any of the witnesses before us today can provide an an- 
swer to that question with absolute certainty. 

The agencies before us today are testit 3 dng based on testing of GPS equipment 
under the original LightSquared proposal in which the company would first build 
cell towers designed to use the portion of the spectrum immediately adjacent to that 
of GPS. Their testing is not based on the new proposal from the company to use 
their spectrum that is most remote from GPS’s assigned frequencies. The FCC will 
have to make its decisions based on technical assessments and not the political pres- 
sure that may come from private parties or even from Committees of Congress. 
Today, I want to learn about what additional testing may be needed to inform the 
FCC’s processes. 

The core question for policy-makers is this: can we use the L-band, or some por- 
tion of it, of the radio spectrum for terrestrial broadband applications without dam- 
aging GPS? I hope that the answer is yes, and everyone here should hope the an- 
swer is yes, because we need more broadband just as we need GPS. LightSquared 
is proposing to invest $14 billion over the next eight years to build out their network 
and projects it will employ 14,000 people in the process. In building more informa- 
tion technology infrastructure, we would see consumers have more choice in their 
telecommunications and data services, lowering their costs and expanding access. 
We should also see accelerating innovation of data-intensive cellular applications 
that take advantage ofthe greater capacities of this new network — creating more 
jobs, more profits, more growth. And we desperately need jobs, profits and growth 
right now. 

While I am skeptical that we will get definitive answers to the most important 
policy questions here today, I am happy to listen to the testimony from all of our 
panel members. 

Chairman Hall. Thank you, Ms. Johnson. If there are Members 
who wish to submit additional opening statements, your state- 
ments will be added to the record at this point. 

At this time I would like to introduce our witnesses and to thank 
our witnesses because I know they are valuable, their time is valu- 
able. It took time to prepare for this. It took time for you to arrive 
here, it will take time for you to give your testimony, take time for 
you to go home. And your time is valuable, and we are going to try 
to be as helpful with you. As long as you give us the answers we 
are looking for, we won’t even use up all of our time. 

Mr. Anthony Russo is the Director of National Coordination Of- 
fice for Positioning, Navigation, and Timing, Mrs. Mary Glackin is 
the Deputy Under Secretary at the National Oceanic and Atmos- 
pheric Administration, Mr. Victor Sparrow is the Director of Spec- 
trum Policy at the National Aeronautics and Space Administration. 
The Honorable Peter Appel is the Administrator of the Research 
and Innovation Technology Administration at the Department of 
Transportation, Dr. David Applegate is the Associate Director for 
National — Natural Hazards at the U.S. Geological Survey, Mr. Jef- 
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frey J. Carlisle is the Executive Vice President for Regulatory Af- 
fairs and Public Policy at LightSquared LLC, and Dr. Scott Pace 
is the Director of the Space Policy Institute at George Washington 
University. And I want to welcome all of you. 

As our witnesses probably know, spoken testimony is limited to 
five minutes, after which the Members of the Committee will have 
five minutes each to ask questions. We hope you can stay as close 
to that five minutes as you can because — and don’t let these empty 
seats here indicate a lack of interest in what you are saying be- 
cause we are just back from a month when we were all gone and 
nobody was getting heard up here, and we came back, and every- 
body has a lot to do, and they have other committees, but all this 
testimony is being taken down and will be of record for everybody, 
not just the Members of this Committee but for eveiybody to read. 

So Mr. Russo, you may proceed if you would like, sir. 

STATEMENT OF MR. ANTHONY RUSSO, 

DIRECTOR, THE NATIONAL COORDINATION OFFICE FOR 
SPACE-BASED POSITIONING, NAVIGATION, AND TIMING 

Mr. Russo. Chairman Hall, Ranking Member Johnson, and 
Members of the Committee, I am deeply honored to be here for you 
today. 

Like the Internet, GPS is an essential element of the global in- 
formation infrastructure. The free, open, and dependable nature of 
GPS has led to the development of thousands of applications affect- 
ing every aspect of modern life, and innovation has not stopped. 
New applications are being developed daily. 

GPS saves lives by preventing transportation accidents, aiding 
search and rescue efforts, assisting law enforcement, and speeding 
delivery of emergency services and disaster relief. It is vital to 
weather forecasting, earthquake monitoring, and environmental 
protection. 

GPS’s role as part of our civil infrastructure traces its roots to 
a tragic incident in 1983. A Korean airliner took off from Alaska 
and ended up straying way off course in Soviet airspace. The air- 
liner was shot down, and all 269 passengers were killed, including 
a sitting Member of Congress. As part of the response. President 
Reagan announced we would make GPS signals available to the 
world, and that marked the beginning of a multi-use policy ap- 
proach to GPS that each successive Administration has strength- 
ened. 

An Executive Committee consisting of the Department Deputy 
Secretaries was established in 2004, to advise and coordinate on 
GPS-related issues to include spectrum protection and interference. 
To execute the staff functions of the Executive Committee, a Na- 
tional Coordination Office or NCO was also established. The NCO 
is staffed with representatives from every department or agency 
with major equities in GPS. I am speaking to you today in my ca- 
pacity as director of that office. 

Earlier this year, the FCC approved a conditional waiver for 
LightSquared’s high-powered network, and with the permission of 
the Executive Committee, a tasked interagency group of technical 
experts called the National Space-Based Position Navigation and 
Timing Systems Engineering Forum or NPEF for short, to evaluate 
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the LightSquared proposal, assess impacts, and look at the mitiga- 
tion of any harmful effects. 

And although they were not required to do so, LightSquared ac- 
tively supported these efforts. They provided their actual hardware 
including a custom filter for their transmitter, technical specifica- 
tions, they answered numerous questions, and they even sent per- 
sonnel to government test sites to review the test set-up. So I 
would like to take the opportunity to publicly thank LightSquared 
for their cooperation, which greatly improved the fidelity of the re- 
sults. 

The NPEF testing was done under numerous limitations, espe- 
cially an extremely compressed time frame, but despite these limi- 
tations the NPEF reached a definitive answer. LightSquared’s pro- 
posed system would create harmful interference throughout all 
three phases of its planned deployment. Although not every indi- 
vidual receiver failed to perform, there were unacceptable levels of 
harmful interference in every class of receiver tested and at signifi- 
cant distances. 

I had asked the NPEF to investigate not only things that we 
might reasonably ask LightSquared to do, but also to look at 
changes the GPS community could do that would mitigate harmful 
interference and still allow LightSquared to execute their business 
plan. The NPEF spent many hours considering the full range of op- 
tions but could not identify any feasible option that would both 
mitigate harmful interference for all or even most GPS users and 
still allow LightSquared to meet their system requirements. 

Now, to meet one of the conditions of their conditional waiver, 
LightSquared created a Technical Working Group or TWG with sig- 
nificant industry, government representation to conduct inter- 
ference testing. LightSquared chose to break their testing into 
seven separate subgroups based on GPS application type. All seven 
subgroups reported significant harmful interference with respect to 
all three phases of LightSquared’s planned deployment. However, 
there was no consensus on feasible mitigation options. 

On June 29, LightSquared submitted their TWG report acknowl- 
edging the harmful interference, and simultaneously they sub- 
mitted a report outlining a potential solution. LightSquared’s new 
recommendation paper suggests three distinct changes, and this 
was a series in constructive proposal, and the FCC is currently 
evaluating this recommendation, but the NPEF testing did not in- 
clude the configuration LightSquared is now proposing. And it 
wasn’t in the TWG test plans either. 

Now, in the final days of their testing TWG did manage to collect 
some of the data relevant to this configuration, but the report itself 
is inconclusive as to whether data still shows harmful interference 
to many GPS receivers. The limited data collected is highly dis- 
puted among the members of TWG. Therefore, the federal agencies 
are recommending further testing once the FCC defines the final 
LightSquared end-state configuration. 

What we do know is enough data was collected that — by all par- 
ties in terms of whether or not high-precision receivers would be 
impacted. LightSquared’s report indicates 31 of 33 receivers tested 
in this subgroup still failed, even in the lower configuration, and 
this class of receivers involves many of those used in advanced sci- 
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entific research applications. Most federal science systems were not 
directly tested by either the NPEF or the TWG, so we do not know 
for sure if they would be impacted. But the tests did indicate in- 
creased susceptibility interference for the higher end, more sophis- 
ticated systems, many of which are used in research and science 
applications. 

In summary, the extensive testing done by LightSquared, the 
government, and the GPS industry conclusively demonstrate harm- 
ful interference from LightSquared’ s intended deployment, and 
they should not be allowed to commence commercial operations 
until the identified problems are resolved. Further study is needed 
on alternative concepts that were not comprehensively tested, in- 
cluding the most recent LightSquared proposal. The National Co- 
ordination Office will assist as directed by the Executive Com- 
mittee in any follow-on efforts. 

I thank you for this opportunity to speak on this very significant 
issue impacting federal science activities and over a billion world- 
wide users. I look forward to your questions. 

[The prepared statement of Mr. Russo follows: 

Prepared Statement of Mr. Anthony Russo, 

Director, The National Coordination Office for 
Space-Based Positioning, Navigation, and Timing 

Chairman Hall, Ranking Member Johnson, and Members of the Committee, I am 
deeply honored for this opportunity to appear before you today. Like the Internet, 
Global Positioning System (GPS) is an essential element of the global information 
infrastructure. The free, open, and dependable nature of GPS has led to the develop- 
ment of thousands of applications affecting every aspect of modern life and new ap- 
plications are developed daily. GPS technology is now in everything from cell phones 
and wristwatches to bulldozers and shipping containers. When you swipe your card 
at an Automatic Teller Machine (ATM) or your credit card at a gas pump, you are 
using GPS. GPS boosts productivity across a wide swath of the economy, to include 
farming, construction, mining, surveying, package delivery, and logistical supply 
chain management. Major communications networks, banking systems, financial 
markets, and power grids depend heavily on GPS for precise time synchronization. 
Some wireless services cannot operate without it. 

GPS saves lives by preventing transportation accidents, aiding search and rescue 
efforts, assisting law enforcement and speeding the delivery of emergency services 
and disaster relief. GPS is vital to the Next Generation Air Transportation System 
(NextGen) that will enhance flight safety while increasing airspace capacity. GPS 
also advances scientific aims such as weather forecasting, earthquake monitoring, 
and environmental protection. 

The Role of the Space-Based Positioning, Navigation 
and Timing Executive Committee 

On September 1, 1983, a Korean civilian airliner took off from Alaska and ended 
up straying way off course into Soviet airspace. The airliner was shot down as it 
attempted to leave the airspace and all 269 passengers were killed. As part of the 
response to that tragedy. President Reagan announced the United States would 
make its GPS signals available to the world to avoid any navigation errors of that 
type. That announcement marked the beginning of a multi-use policy approach to 
GPS and each successive administration has strengthened that concept. In 2004, 
President Bush issued a National Space-Based Positioning, Navigation, and Timing 
(PNT) Policy establishing a Deputy Secretary-level Executive Committee to advise 
and coordinate on policies, programs, requirements, schedules, architectures and 
budgets to sustain and modernize GPS, systems that augment or enhance GPS, and 
any backup systems. The Policy includes an explicit instruction to continue to oper- 
ate and modernize GPS to meet growing scientific and commercial demands. Last 
year. President Obama signed out his comprehensive National Space Policy which 
left the existing PNT policy in place, but added emphasis and additional guidance 
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in four key areas related to GPS. One of these new emphasis areas dealt specifically 
with the issue of harmful interference. We are also responsible in this policy to iden- 
tify impacts to government space systems prior to any reallocation of spectrum for 
commercial, federal, or shared use. 

To execute the staff functions of the Executive Committee, and to assist them in 
ensuring implementation of the President’s policy objectives, a National Coordina- 
tion Office (NCO) was established. The NCO is staffed with representatives from 
every department or agency with major equities in GPS. I am speaking to you today 
in my capacity as the Director of that office. 

The National Space-Based Positioning, Navigation, 
and Timing Systems Engineering Forum (NPEF) 

The NPEF is an interagency working group that supports the Executive Com- 
mittee on major technical issues that cross agency boundaries. Their reports help 
form the basis for recommendations made to the Executive Committee. The NPEF 
is co-chaired by the Air Force’s Chief Engineer from the GPS Program Office and 
the FAA’s Ground Segment Lead for Global Navigation Satellite Systems and 
Space-Based Augmentation Systems. They are assisted by technical representatives 
and other staff from across the interagency. 

On the January 26 this year, the Federal Communications Commission (FCC) ap- 
proved a Conditional Waiver for LightSquared’s high-power broadband network the 
Executive Committee had warned might cause significant interference to govern- 
mentwide GPS applications. With the permission of the Executive Committee’s 
Steering Group, the NPEF was tasked to evaluate the LightSquared proposal, as- 
sess impacts, and look at potential mitigation of any harmful effects. I’ve included 
the NPEF Task Statement as part of this testimony. 

Their test methodology involved modeling, simulation, analysis, bench testing, ra- 
diated testing inside an anechoic chamber, and what we call “live sky” testing where 
they set up a tower outdoors and broadcast a signal as close as they could to what 
they expected the actual configuration to be. Each of these methods has advantages 
and limitations and using multiple methods enhances confidence in the results. 
LightSquared actively supported these efforts. They provided their actual hardware 
including a custom filter on their transmitters, technical specifications and an- 
swered numerous questions from NPEF engineers, and sent personnel to govern- 
ment test sites to review and comment on the test set-up. I would like to take this 
opportunity to publicly thank LightSquared for their cooperation. It greatly en- 
hanced the fidelity of the results. 

I do want to identify some limitations of our testing effort. The most significant 
is that there was only one LightSquared transmit antenna. Since interference ef- 
fects can be additive, this is a serious limitation in a planned environment where 
the LightSquared base stations are densely enough packed that a given user will 
likely see effects from multiple towers simultaneously. This also greatly complicates 
some of the potential mitigation options. A second limiting factor was there were 
no LightSquared handsets available to test. The handsets operate at a different fre- 
quency than their base stations and are much less powerful. However, the NPEF 
anticipates they will be much more numerous and since they are mobile they could 
be anywhere, and may even be frequently co-located with GPS receivers. Several 
technical experts on the team consider this to be a very significant problem, but 
they were not able to explicitly address this issue. A third limiting factor is the in- 
ability to fully represent the diversity of the GPS user community. There are more 
GPS applications than we can count, and at the NCO we learn of new applications 
at the rate of about three per week. Each application is different. Some require ex- 
treme position accuracy; others do not use position at all, but need very precise tim- 
ing. Some applications require less precision, but need extremely high integrity — 
in other words they need high confidence the signal they receive is accurate. Still 
others do not even read the signal’s message content; they only care about the phase 
relationship between the military and civil GPS signals. It was therefore difficult 
to construct tests that covered all of our diverse users in the time we had to work 
with. And a final limiting factor was the extremely compressed time frame. 

But despite these limitations, the NPEF completed the job they were asked to do. 
They were able to look at a wide range of representative receivers against all three 
phases of LightSquared’s proposed deployment plan. In all, 24 different organiza- 
tions participated in testing more than 75 different receivers in over 50 separate 
test events. The answer is definitive: LightSquared’s proposed system would create 
harmful interference throughout all three phases of its planned deployment. I have 
attached an Executive Summary of the publicly releasable results to this testimony. 
The tests showed no evidence of out-of-band emissions. In other words, the NPEF 
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was able to confirm LightSquared’s claim they correctly filter their transmission so 
it is not leaking into the GPS band. However, the tests also confirm the presence 
of other serious and harmful interference effects. Although not every individual re- 
ceiver failed to perform, there were unacceptable levels of harmful interference in 
every class of receiver tested and at significant distances. 

In the NPEF task statement, the engineering team was asked to consider possible 
mitigations to any problems they discovered. They were asked to investigate not 
only things that we might reasonably ask LightSquared to do, but also to look at 
changes the GPS community could do that would mitigate harmful interference and 
still allow LightSquared to execute their business plan. The NPEF spent many 
hours considering the full range of options such as: reducing power on 
LightSquared’s transmission, increasing GPS’s transmitted power, building better 
GPS filters, or asking for exclusion zones around certain sensitive installations that 
use GPS. Unfortunately the NPEF could not identify any feasible option that would 
mitigate harmful interference for all or even most GPS users, and still allow 
LightSquared to meet their system requirements. The only suggested option that 
might work would be moving LightSquared to a different part of the spectrum, and 
that involves a host of other issues outside the PNT community. I’ve included an 
Executive Summary of the results of the NPEF testing, including a discussion of the 
potential mitigation options, as part of this testimony. 

LightSquared’s Technical Working Group (TWG) 

When the FCC granted the Conditional Waiver, one of the conditions was for the 
company to fund testing efforts to resolve the interference concerns the Executive 
Committee and GPS Industry had raised. The FCC Order further directed the cre- 
ation of a LightSquared-led working group and highly encouraged participation from 
the U.S. Government and representation from across the diverse GPS industry. Al- 
together the TWG contained 39 full-time members and 61 part-time technical advi- 
sors, split between GPS Industry, LightSquared, and the Government. Like the 
NPEF, the TWG used an assortment of different techniques culminating in two 
weeks of “Live-Sky” testing in Las Vegas. There was healthy crossflow of expertise 
and data sharing between the NPEF and TWG. 

LightSquared chose to break the effort into seven separate subgroups based on 
GPS application type. The results were completely consistent with what the NPEF 
found. All seven subgroups reported significant harmful interference with respect to 
all three phases of LightSquared’s planned deployment. There was no consensus on 
feasible mitigation options although most of the subgroups did advocate for moving 
LightSquared’s service to a different frequency band. 

LightSquared’s New Plan 

On June 29, 2011 LightSquared submitted their TWG report acknowledging the 
harmful interference their proposed system would create. Simultaneously they sub- 
mitted a report outlining a proposed potential solution. This solution was completely 
separate from the TWG and not evaluated by them. LightSquared’s new “Rec- 
ommendation Paper” suggests three distinct changes. (1) A re-phasing of their plan 
where the first of their two transmissions is the one lower in their frequency band 
and therefore further from GPS; (2) a reduction in authorized power to the level 
they told us they originally planned to operate at; and (3) a “standstill” on transmit- 
ting their second channel (closer to the GPS band) for some undefined period of 
time. 

The FCC is currently evaluating this recommendation as well as considering all 
the comments received in the public comment period. The Government testing did 
not consider the configuration LightSquared is now proposing, although NPEF test- 
ing was done at the power level they indicate. The TWG did not plan to test this 
configuration either, but in the final days of their testing did collect some data. The 
TWG report is inconclusive as to whether this lower channel transmission does or 
does not cause harmful interference to most GPS receivers. The limited data col- 
lected is highly disputed and all seven of LightSquared’s subgroups recommended 
further study of this planned change to the phasing. The federal departments and 
agencies are recommending retesting once the FCC defines the final configuration. 

High-Precision Receivers 

However all parties concur the class considered “High-Precision” would still be im- 
pacted even under the first phase of LightSquared’s new proposal. LightSquared’s 
TWG report indicates 31 of 33 receivers tested in this subgroup failed in an environ- 
ment where LightSquared was not transmitting in the upper half of their band. 
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This class of receivers involves many of those used in advanced scientific and re- 
search applications. For example, the receivers used in EarthScope’s Plate Boundary 
Observatory can measure movements due to tidal forces less than a one millimeter. 
Receivers like these would fit into the “High-Precision” category and will eventually 
be in every county in the country. This National Science Foundation project is crit- 
ical to our understanding of the interior of the Earth and supports research on 
earthquakes, tsunamis and global climate change. 

Another example of a service which may be affected would be the National Insti- 
tute of Standards and Technology (NIST) Time and Frequency Measurement and 
Analysis Service (TMAS) and (FMAS). LightSquared implementation, even under 
their new configuration, may impact NIST’s ability to provide high-precision calibra- 
tion services to national laboratories and private sector customers nationwide. Even 
non-GPS related research may depend on accurate time and frequency calibration 
received from NIST. 

High-Precision GPS is also used by the Environmental Protection Agency for nu- 
merous research applications and is an integral part of their Field EnvironmentaL 
Decision Support system, or FIELDS. This impacts areas such as hazard waste site 
clean-up, response to oil spills, emergency preparedness, revitalization and develop- 
ment. Another NSF-funded environmental research project involves spatial varia- 
bility in plant nitrogen and forage quality related to grassland fires. This directly 
affects grazing habits of herbivores. 

A final example would be potential impacts to efficient power distribution. The fu- 
ture “Smart Grid” incorporates geographically diverse Phaser Measurement Units 
(PMUs) to ensure alternating current is phase synchronized across the network. 
There are numerous economic and environmental benefits to this including reduced 
overall energy consumption, increased efficiency in demand response/load manage- 
ment programs, better utilization of equipment, reduction in carbon emissions, and 
the ability to more easily substitute renewable forms of energy. With the aid of pre- 
cise GPS timing, the Department of Energy will be able to decrease the likelihood 
and the severity of major blackouts. 

None of these systems I’ve mentioned above were directly tested by either the 
NPEF or the TWCl, so we do not know if they would be impacted. But both sets 
of tests did indicate increased susceptibility to interference for those higher-end, 
more sophisticated systems. Both the NPEF and the TWG subgroups recommended 
further testing, especially on the 10 MHz low configuration and on any proposed 
measures to mitigate harmful effects. 

Summary 

The extensive and comprehensive testing done by LightSquared, the NPEF, and 
the GPS Industry conclusively demonstrates harmful interference from 
LightSquared’s intended deployment of their high-power terrestrial broadband sys- 
tem and should not be allowed to commence commercial operations until the identi- 
fied problems are resolved. 

The Administration believes that we must protect existing GPS users from dis- 
ruption of the services they depend on today and ensure that innovative new 
GPS applications can be developed in the future. At the same time, recognizing 
the President’s instruction to identify 500 MHz of new spectrum for innovative 
new mobile broadband services, we will continue our efforts at more efficient 
use of spectrum. Therefore, in the short run, we will participate in the further 
testing required to establish whether there are any mitigation strategies that 
can enable LSQ operation in the lower lOMHz of the band. We also encourage 
commercial entities with interests to work with LightSquared toward a possible 
resolution, though any proposed mitigation must be subjected to full testing. 
The challenge of meeting the President’s goal also depends on long-term actions 
by Federal agencies in the area of research and development, procurement prac- 
tices that encourage spectrally efficient applications, and new policy develop- 
ment. 

Further study is needed on alternative concepts, including the most recent 
LightSquared proposal. The National Coordination Office will assist as directed by 
the Space-Based PNT Executive Committee in any follow-on efforts. I thank you for 
this opportunity to speak on an issue with a very significant impact to federal 
science activities and to over a billion world-wide users. I look forward to your ques- 
tions. 
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Executive Summary 

The Executive Steering Group (ESG) of the National Executive Committee (EXCOM) for 
Space-Based Positioning, Navigation, and Timing (PNT) directed the National Space-Based 
PNT Systems Engineering Forum (NPEF) to conduct an assessment of the effects of 
LightSquared’s planned deployment of a terrestrial broadband network to Global Positioning 
System (GPS) receivers and GPS-dependent systems and networks. The NPEF was tasked to 
engage with the LightSquared Working Group established at the direction of the Federal 
Communications Commission (FCC), and the GPS manufacturing and applications communities 
through relevant industry bodies (e.g., the U.S. GPS Industry Council and RTCA, Inc.). Tlie 
NPEF investigated and determined effects due to interference to a selected set of GPS receivers 
in operationally relevant scenarios from LightSquared’s planned deployment for Ancillary 
. Terrestrial Component (ATC) transmitters to utilize the mobile-satellite service (MSS) bands as 
follows; i) 1550.2 - 1555.2 MFIz for Phase 0; ii) 1526.3 - 1531 .3/1550.2 - 1555.2 MHz for 
Phase 1; and iii) 1526 — 1536/1545.2 — 1555.2 MHz for Phase 2. While the NPEF tasks were 
conducted in coordination with all involved entities to the extent possible, the NPEF report is 
considered to be an independent assessment. The contents of this Report consist of a compilation 
of findings from nine subtasks along with appendices that include summaries of all of the 
detailed test data and results collected over the last four months via a series of laboratory and 
field environment testing of GPS receivers. This Report is a technical summary of the work 
conducted during this effort and includes specific recommendations and responses to questions 
as requested by the EXCOM. 

Based on analysis described in the main body of this Report, the NPEF has developed the 
following recommendations for ESG consideration. 

Recommendation 1 : LightSquared should not commence commercial services per its planned 
deployment for terrestrial operations in the 1525 — 1559 MHz Mobile-Satellite Service (MSS) 
Band due to harmful interference to GPS operations. 

Test results of the LightSquared Phase 0, Phase 1, and Phase 2 deployments of ATC transmitters 
utilizing the MSS band (1550.2 - 1555.2 MHz for Phase 0, 1526.3 - 1531.3/1550.2 - 1555.2 
MHz for Phase 1, and 1526 - 1536/1545.2 - 1555.2 MHz for Phase 2) have demonstrated there 
are significant detrimental impacts to all GPS applications assessed as part of this NPEF effort. 
These impacts encompassed both US Government and commercial GPS applications. The 
potential degradation of GPS operation due to LightSquared emissions was further characterized 
via simulation that showed that completion of the network of high-powered base stations 
envisioned by LightSquared would result in degradation or loss of GPS function (ranging, 
position) at standoff distances of a few kilometers extending to space operations. Possible 
mitigations for GPS applications were identified and evaluated but were deemed impractical as 
they would require significant modification or complete redesign and replacement of currently 
fielded GPS equipment. The timeline to field new GPS receivers for some applications, from 
initial concept development through production, can take 10-15 years. Finally, there remain 
certain applications (e.g., high precision) that, even with modification, may not be able to 
perform their current mission in the presence of LightSquared’ s network transmitting in the 1 525 
- 1559 MHz band. 
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Recommendation 2 ; The U.S. Government should conduct more thorough studies on the 
operational, economic and safety impacts of operating the LightSquared Network, to include 
compatibility of A TC architectures in the MSS L Band with GPS-dependent applications, signal 
configurations not currently in LightSquared planned spectrum phases, effects on timing 
receivers, and transmissions from LightSquared handsets. 

Initial test results demonstrated that some applications (e.g. aviation) were able to operate with 
little to no degradation when only a 5 or 10 MHz channel (1526.3 - 153 1 .3 MHz or 1526 - 1536 
MHz) in the lower portion of the MSS spectrum was utilized for the LightSquared broadcast. 
However, for other applications, GPS loss of function still occurs at unacceptable distances to 
LightSquared towers. Use of only the lower portion of the L-band MSS spectrum is not one of 
the planned Phases for the LightSquared Network evolution so only limited testing has been 
conducted under this scenario. Additionally, no tests on LightSquared handset (or user terminal) 
transmissions were conducted as part of this NPEF study, due to non-availability of hardware. 

LightSquared handsets will transmit in the band 1626.5 — 1660.5 MHz and the potential for 
interference to GPS receivers given the very close proximity to an arbitrary number of 
LightSquared users remains to be evaluated. Evaluation of the LightSquared emissions effects on 
timing receivers was not thoroughly addressed during the course of this NPEF investigation. An 
additional evaluation period of at least six months would enable completion of a thorough 
assessment of the LightSquared Network and should be conducted to allow the EXCOM to make 
infonned decisions on impacts, mitigations, and the way forward for all GPS users. 

At the conclusion of this NPEF effort, significant technical concerns remain that operation of an 
ATC service can successfully coexist with GPS. Rigorous analysis of potential interference had 
been impossible prior to now due to non-availability of relevant commercial ATC equipment. 
This recommendation suggests there is a need for additional analysis to determine if ATC 
architectures can be accommodated in the MSS L-band without impacting GPS. 
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Appendix A: Assessment of LightSquared Terrestrial Broadband 
System Effects on Civil GPS Receivers and GPS-dependent Civil 
Government Applications 


Task Statement 

Assessment of LightSquared Terrestrial Broadband System Effects on 
Civil GPS Receivers and GPS-dependent Civil Government 
Applications 


Scope 

At the direction of the Executive Steering Group (ESG) of the National Executive Committee for 
Space-Based Positioning, Navigation, and Timing, herein referred to as the EXCOM, and with 
facilitation by the National Coordination Office (NCO), the National Space-Based PNT Systems 
Engineering Forum (NPEF) is tasked to conduct an assessment of the effects of LightSquared’s 
planned deployment of terrestrial broadband systems to Global Positioning System (GPS) 
receivers and GPS-dependent systems and networks. The NPEF should engage with: 1) The 
LightSquared Working Group established at the direction of the Federal Communications 
Commission (FCC) and 2) GPS manufacturing and applications communities through relevant 
industry bodies (c.g. the U.S. GPS Industry Council and RTCA, Inc.). The NPEF is to 
investigate, assess, and determine the range of effects to GPS use based on operationally relevant 
scenarios that represent the current installed user base. While the NPEF tasks are to be conducted 
in cooperation with all involved entities to the extent possible, the NPEF is requested to produce 
an independent report to the ESG and EXCOM. 


Background 

Reference FCC Order DA 1 1-133, in the matter of LightSquared Subsidiary LLC “Request for 
Modification of its Authority for an Ancillary Terrestrial Component,” adopted and released 
January 26, 201 1 and NTIA January 12, 201 1 letter to FCC Chairman. 


Methodology and Assessment 

1 . Document LightSquared’s Ancillary Terrestrial Component (ATC) and related user 
equipment signals and antenna specifications and characteristics, GPS receiver 
specifications and characteristics (c.g., Radionavigation-Satcllitc Service (RNSS) 
receiver characteristics submitted to the International Telecommunication Union (ITU)), 
and future spectrum environment considerations. 
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2. In cooperation with the LightSquared Working Group, develop a baseline model 
characterization of the planned initial and fully deployed broadband network, including 
ATC locations and siting assumptions/limitations. Identify user handset planning 
assumptions as appropriate. 

3. In conjunction with federal and commercial GPS technical experts, develop operational 
scenarios representative of the full range of anticipated effects to GPS receiver use 
(including characterization by existing GPS receiver eategorics where possible) as well as 
deployed federal and commereial GPS-dependent systems or networks. The seenarios 
assessed shall consider federal and state government and commercial communities’ 
current and planned use of GPS and GPS applications. 

4. Develop appropriate metries to quantitatively and qualitatively assess performance 
degradations from both technieal and operational perspectives. 

5. Analyze the expected and potential effects on GPS use for each of the developed 
scenarios including both current and future spectrum environment (e.g. 2025) 
considerations. 

6. Coordinate simulation activities to further assess effects on GPS usage under various 
scenarios. 

7. Coordinate work plan, test planning, and field test activities with the FCC, LightSquared, 
NTIA and the EXCOM departments and agencies to measure emissions and determine 
representative technical and operational GPS receiver effects as a function of distance 
from a LightSquared terrestrial base station 

8. Assess potential mitigation techniques and their expected effcctiveness/costs for various 
representative GPS receivers in each of the selected scenarios. Assessments should 
include analysis, simulation, and prototype testing (as practical). 

9. Assess and recommend potential mitigation measures or techniques that are applicable to 
the LightSquared system based on the representative GPS receivers and the operational 
scenarios developed above including, for example, potential variations in emitted power, 
antenna gain pattern, and operating spectrum for the ATC base stations and mobile 
handsets. 


Schedule and Deliverable 

The NPEF is to complete the work under this Task Statement by May 31, 201 1 . An interim 
update will be provided to the ESG/EXCOM through the NCO Director by March 31, 201 1. The 
final deliverable report will be produced in a publicly releasable version and For Official Use 
Only version as appropriate. The reports will detail the planned broadband system effects on 
GPS use and include details on potential technical and operational mitigation options for 
interoperability between the planned LightSquared network and federal and commercial GPS- 
dependent users, systems and networks. The report will include field measurements from the 
LightSquared ATC stations and mobile handset and an analysis of representative GPS receiver 
performance. Any classified concerns will be briefed to the NCO and ESG for discussion in an 
appropriate forum and venue. Issues of proprietary data will be handled on a case-by-case basis. 


DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 


15 



28 


DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 


Appendix B: NPEF Tasks 

companion pdf document. 
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Chairman Hall. Thank you very much. 

Dr. Applegate, you may proceed. 

I am sorry. I am told Ms. Glackin is next in line. 

STATEMENT OF MS. MARY GLACKIN, 

DEPUTY UNDER SECRETARY, NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION 

Ms. Glackin. Thank you. Mr. Chairman, Ranking Member John- 
son, and Members of the Committee, thank you for the opportunity 
to speak today about the importance of GPS to NOAA and the 
operational impacts we could face as a result of GPS interference 
from the LightSquared network. 

GPS technology is a key enabler for nearly all of NOAA’s mission 
activities, and for this reason we are very interested and involved 
in the activities surrounding LightSquared and GPS. NOAA con- 
tributed equipment and experts to the two major testing efforts 
just described. My testimony will address the potential effects of 
the original and the modified LightSquared Spectrum Plans based 
on our analysis of the data. 

Based on our work to date, GPS interference under 
LightSquared’s original plan would cause serious degradation for a 
wide range of NOAA systems, resulting in the loss of critical serv- 
ices and potentially loss of life and property. These include sat- 
ellite, airborne, sea-based, and terrestrial systems used for weather 
warnings, forecasting, climate observation, search and rescue, 
among others. 

First and foremost, our entire fleet of meteorological satellites 
would be put at risk. Without GPS, the ground systems that con- 
trol the NOAA spacecraft would fail to keep proper time, causing 
widespread errors, leading to inaccurate warnings of tornadoes, 
hurricanes, and other severe weather events and eventually our 
ability to command and control the satellites would be com- 
promised. 

Likewise, without precise GPS times, NOAA’s search and rescue 
satellite ground stations would produce less accurate and less time- 
ly distress alerts, leading to longer response time, greater risk to 
human life, and increased costs. 

We are concerned that LightSquared’s original broadcast would 
interfere with onboard GPS for newer satellites, including our NPP 
satellite in low-earth orbit and even GOES-R in GS geostationary 
orbit. 

My written testimony also highlights other critical NOAA sys- 
tems put at risk at the LightSquared’s original proposal, including 
23,000 environmental sensor platforms that depend on GPS for ac- 
curate geo-referencing, time stamping, and communication of data 
that enable timely storm and flood warnings, use in weather bal- 
loons and hurricane dropsondes that measure wind speeds. 

LightSquared’s proposed solution involves voluntary power limits 
and postponement of one of its two planned channels, the upper 10 
megahertz next to GPS. Unfortunately, LightSquared’s own report 
to the FCC demonstrates that the new spectrum plan involves — 
would still raise issues for high-precision GPS receivers featuring 
a wideband design. 
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We have identified at least five major NOAA functions that re- 
quire wideband GPS equipment. These include the COSMIC Sys- 
tem of satellites to improve global and weather climate models, 
monitoring sea level trends to protect natural and human commu- 
nities, the ground-based GPS meteorology project to improve short- 
term forecasts, the issuance of the U.S. Total Electron Count prod- 
uct to inform the public of space weather conditions and space 
storms, and maintaining the National Spatial Reference System to 
ensure the compatibility among U.S. maps and surveys. 

Three of these five activities depend on NCAA’s nationwide net- 
work of Continuously Operating Reference Stations, or CORS, 
which collect and share precise data about GPS satellite orbits. 
CORS provides a consistent positioning technology, accurate to an 
inch, used by millions to anchor nautical charts, build roads and 
railways, and respond to disasters. 

CORS alone includes 1,800 wideband receivers owned by NOAA 
and 190 partner stakeholder organizations, and without a suitable 
mitigation for the lower channel LightSquared interference, major 
portions of CORS could cease functioning, forcing NOAA to revert 
to less accurate and much more costly methods to define the Na- 
tional Spatial Reference System. 

LightSquared has stated its belief that filtering can mitigate in- 
terference for wideband GPS users. We are concerned that a filter 
capable of blocking out the powerful LightSquared signal at a lower 
channel may also block the GPS signal, rendering our equipment 
useless. This is something that must be tested and, in any event, 
would not be feasible to apply to satellites that are already in 
space. 

Mr. Chairman, we must protect existing GPS users from disrup- 
tion of services on which they depend. At the same time we recog- 
nize the need to use spectrum more efficiently to improve 
broadband access. We recommend further testing of LightSquared’s 
proposal to assess GPS interference in the lower 10 megahertz and 
to establish whether there is any feasible mitigation strategies. 

We appreciate LightSquared’s offer to not transmit in the upper 
10 megahertz and strongly support efforts to identify alternative 
means of achieving the purpose of the signal that was planned 
there. 

Thank you for your attention, and I look forward to any ques- 
tions. 

[The prepared statement of Ms. Glackin follows:] 

prepared Statement of Ms. Mary M. Glackin, 

Deputy Under Secretary for Operations, 

National Oceanic and Atmospheric Administration 

Mr. Chairman, Ranking Member Johnson, and Members of the Committee, thank 
you for the opportunity to speak today on the importance of the Global Positioning 
System (GPS) to the National Oceanic and Atmospheric Administration (NOAA) and 
the operational impacts we could face as a result of GPS interference from the pro- 
posed LightSquared communications network. 

My name is Mary Glackin, and I am the Deputy Under Secretary for Operations 
at NOAA. 

From daily weather forecasts, severe storm warnings, and climate monitoring to 
fisheries management, coastal restoration, and supporting marine commerce, 
NOAA’s products and services support economic vitality and affect more than one- 
third of America’s gross domestic product. GPS technology is a key enabler for all 
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of these activities, integrated into our operational systems and functions across all 
of the line offices at NOAA. 

For this reason, NOAA has heen very interested and involved in the recent activi- 
ties surrounding LightSquared Subsidiary LLC and its conditional authorization to 
broadcast in the 1525-1559 MHz band next to the GPS signal. NOAA contributed 
GPS equipment and experts to both of the major interference testing efforts that 
took place this spring — namely, the Technical Working Group led by LightSquared, 
and the government’s National Space-Based Positioning, Navigation, and Timing 
Systems Engineering Forum. 

Those testing efforts focused primarily on the original LightSquared broadcasting 
plan involving two channels, referred to as the upper 10 MHz and lower 10 MHz 
channels. But both groups also performed initial testing of LightSquared’s modified 
spectrum plan involving only the lower 10 MHz channel. My testimony today will 
address potential effects of both the ori^nal and modified LightSquared spectrum 
plans, based on our analysis of the empirical test data collected to date. 

Potential NOAA Impacts of LightSquared’s Original Spectrum Plan 

In response to tasking from the National Space-Based Positioning, Navigation, 
and Timing Executive Committee, we recently conducted an extensive review of 
GPS usage across NOAA, including the National Weather Service, the National 
Ocean Service, the Office of Oceanic and Atmospheric Research, the National Ma- 
rine Fisheries Service, and the National Environmental Satellite, Data, and Infor- 
mation Service. 

Our review concluded that interference to GPS under LightSquared’s original 
spectrum plan would cause serious performance degradation or a total loss of mis- 
sion for a wide range of our operational systems, resulting in the loss of critical 
services and potential loss of life and property. These include major satellite, air- 
borne, sea-based, and terrestrial systems used for weather forecasting, climate ob- 
servation, search and rescue, vessel navigation, nautical charting, emergency re- 
sponse, and geodesy. 

Our entire fleet of meteorological satellites would be put at risk. All of the ground 
stations that control the current GOES (Geostationary Operational Environmental 
Satellite) and POES (Polar-orbiting Operational Environmental Satellite) spacecraft 
depend on GPS for accurate system timing. Without GPS, these ground systems 
would eventually fail to keep proper time, causing widespread errors that degrade 
the quality of satellite-based weather and climate measurements. The result would 
be less accurate warnings of tornadoes, hurricanes, and other severe weather di- 
rectly affecting U.S. public safety, property, and businesses. Eventually, if the tim- 
ing errors reach the order of a few microseconds, spacecraft could become unstable 
and we could completely lose the ability to command and control them. 

Likewise, NOAA’s satellite-based search and rescue system, SARSAT, uses mul- 
tiple GPS receivers at its ground stations to determine and maintain precise time. 
Since 1982, SARSAT has contributed to over 28,000 worldwide rescues — including 
last year’s rescue of Abby Sunderland, the 16-year-old who capsized in the Indian 
Ocean while sailing around the world. SARSAT ground stations use GPS time main- 
tain the clocks on the satellite instruments that relay distress alerts. Without pre- 
cise GPS time, the accuracy and timeliness of distress alert position calculations are 
significantly impacted. This leads to larger search areas, increased rescue personnel 
and fuel costs, longer response times, and ultimately, greater risk to rescuers and 
persons in distress. 

Our future satellites, including the NPOESS Preparatory Project (NPP) and 
GOES-R, will use on-board GPS receivers for timing and orbit determination. The 
testing to date has shown that LightSquared’s original broadcast could cause inter- 
ference to GPS equipment in low Earth orbit, where NPP will fly. Our own engi- 
neering analysis suggests that it could even affect GOES-R at geostationary orbit, 
since GPS reception is already weak at that long distance. NPP and GOES-R are 
essential to continuing our weather and climate observations; without reliable GPS, 
their data will become almost useless. 

Aside from our satellites, NOAA has deployed over 23,000 environmental sensor 
platforms across the planet that depend critically on GPS for accurate 
georeferencing and time stamping of data. All of the sensor data must be tightly 
bound to the same geospatial and time scales, or it cannot be combined and ingested 
into our weather and climate models. The sensor platforms also require GPS time 
to synchronize their radio transmitters, so they can share limited radio spectrum 
as they relay data via the GOES and POES Data Collection Systems. Prolonged, 
continuous GPS interference at sensor platforms would cause their radios to start 
transmitting at the wrong times, and eventually cease operation. This would cause 
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data corruption and gaps, degrading our modeling, forecasting, and disaster warning 
capabilities. Redesigning the radio system and redeploying it to over 23,000 remote 
locations would require new technology whose cost cannot be estimated at this time. 

Similarly, NOAA’s network of NEXRAD weather radars and sea surface radar al- 
timeters require GPS-based time synchronization to enable the sharing of radio fre- 
quencies among dozens of radars. The NEXRAD system is critical to issuing timely 
severe storm and flood warnings, and local weather forecasts. The oceanographic 
radar systems measure conditions at the ocean surface and ocean currents to im- 
prove weather and climate models, as well as models used to inform search and res- 
cue operations at sea. NOAA used these radars to predict the growth of the Deep- 
water Horizon oil spill last year. Loss of GPS timing would require either greater 
use of spectrum, which is very unlikely, or loss of current NOAA capabilities. 

NOAA’s radiosondes and dropsondes — instruments we attach to weather balloons 
and drop from aircraft into hurricanes — are entirely dependent on GPS for accurate 
position and velocity measurements. These measurements provide wind speed data 
used for aviation forecasts and as input to global numerical weather prediction mod- 
els. Widespread interference to GPS would force us to re-engineer these critical sys- 
tems using alternative methods. These methods would be less accurate and take 
many years to develop and implement. Meanwhile, we would be left with major data 
gaps for numerical weather prediction models, support to air traffic, and hurricane 
forecasts. 

NOAA’s fleet of 19 ships employs a variety of GPS and differential GPS receivers 
for navigation and scientific use. These vessels support oceanographic, atmospheric, 
fisheries and coral reef research, nautical charting, environmental monitoring, and 
ocean exploration. In addition, NOAA has numerous fleets of smaller vessels used 
for research, education, damage assessment, law enforcement, environmental obser- 
vation, and buoy maintenance. If GPS service becomes unavailable or unreliable 
along U.S. coasts and waterways, NOAA vessels will be unable to perform many op- 
erations and missions. 

I have described just a few of the myriad NOAA systems that depend on GPS and 
that would be impacted by GPS interference under LightSquared’s original spec- 
trum plan. 

Potential NOAA Impacts from LightSquared’s Modified Spectrum Plan 

LightSquared’s proposed solution to the problem involves voluntary power limits 
and the postponement of one of its two planned broadcast channels — the upper 10 
MHz bordering the GPS signal. 

Unfortunately, the existing data from the interference testing groups, including 
LightSquared’s own report to the FCC, demonstrates that the new spectrum plan, 
involving the lower 10 MHz channel, still raises issues for high-precision GPS re- 
ceivers that feature a wideband design. As I mentioned, NOAA participated in this 
testing. Specifically, we provided five different wideband receivers that are rep- 
resentative of the equipment in use at NOAA for high-precision positioning. During 
the tests, four out of the five models failed when subjected to only the lower 10 MHz 
LightSquared channel. Since many critical NOAA operations require high-precision, 
wideband GPS equipment, we support further testing of LightSquared’s proposal 
and continued investigations into mitigation options for wideband applications. 

We have identified at least five major NOAA systems or functions that require 
wideband GPS equipment. These include: 

• (1) the six-satellite COSMIC system that observes the Earth’s atmosphere to 
improve global weather and climate models; 

• (2) the monitoring of sea level trends to protect natural and human commu- 
nities; 

• (3) the Ground-Based GPS Meteorology (GPS-Met) project, which measures at- 
mospheric moisture to improve short-term weather forecasts; 

• (4) the issuance of the U.S. Total Electron Content (US-TEC) product to inform 
surveyors and other customers about space weather conditions affecting GPS 
accuracy; and 

• (5) the maintenance of the National Spatial Reference System to ensure compat- 
ibility among U.S. maps, surveys, and other geospatial products. 

Three of these five activities depend on NOAA’s management of a nationwide net- 
work of Continuously Operating Reference Stations, or CORS, which collect and 
share precise data about GPS satellite orbits. CORS provides a consistent posi- 
tioning technology, accurate to an inch, that is used by millions of people throughout 
the United States, from surveyors to farmers to the FAA. This network is critical 
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to anchoring nautical charts, building roads and railways, surveying airports, and 
responding to natural disasters and other emergencies, such as Hurricane Katrina 
and the Deepwater Horizon oil spill. For example, it allows FEMA flood maps to 
be seamlessly overlaid with levee surveys from the Army Corps of Engineers. 

Unlike consumer GPS devices used for basic positioning, high-precision GPS 
equipment costs thousands of dollars per unit, and the economic value it provides 
to society is similarly high. In the case of CORS alone, there are over 1,800 ref- 
erence stations, many of which have multiple GPS receivers. This multimillion dol- 
lar investment has been made not only by NOAA, but over 190 stakeholder organi- 
zations, including states, local communities, universities and other federal agencies. 
They all have a shared interest in maintaining a common standard for geospatial 
positioning in the United States, so the construction and maintenance of roads, 
bridges, railways, inland waterways, and other projects that cross jurisdictional 
boundaries all use the same coordinate system. 

If testing confirms that high-precision GPS receivers are significantly degraded by 
LightSquared’s lower channel, and a suitable mitigation is not developed, major por- 
tions of the CORS network could cease functioning. Depending on the geographic 
distribution of the remaining sites, the entire network could fail to serve its in- 
tended purpose, forcing NOAA to use less accurate, more labor-intensive, and more 
costly methods such as line-of-sight triangulation to define the National Spatial Ref- 
erence System. 

For example, the cost to update the International Great Lakes Datum — a water 
level reference system of enormous economic importance to the United States and 
Canada for maritime navigation and shipping — could increase from under $30 mil- 
lion using GPS to $160 million using older methods. In addition, the widespread so- 
cioeconomic benefits of CORS use, estimated at $758 million annually, could be lost 
due to interference at CORS sites. ^ 

Similarly, we must find a way to preserve the high-precision GPS receivers used 
to measure sea level rise, which are subject to the same interference risk as the 
CORS equipment. Monitoring of ecological observations within an accurate and con- 
sistent geospatial framework requires high-precision GPS. Losing the availability or 
reliability of this technology would have a profound effect on our ability to monitor 
the impacts of sea level changes and inundation from storms and coastal flooding 
on coastal communities and ecosystems. This would undermine the ability of com- 
munities to identify their risk to sea level change and episodic storm events. 

Finally, we have concerns about the COSMIC satellite system that uses the “GPS 
radio occultation” technique to probe the Earth’s atmosphere. We use COSMIC data 
operationally to significantly increase the accuracy of hurricane forecasts and other 
weather models. COSMIC flies in low Earth orbit and would have been impacted 
by LightSquared’s original broadcast plan. The next round of testing needs to assess 
whether wideband receivers in low Earth orbit, including those on COSMIC, are af- 
fected by LightSquared’s new plan involving only the lower channel with proposed 
maximum power levels. If they are affected, the mitigation options will be limited, 
as the COSMIC satellites are already in space and cannot be modified.For the wide- 
band GPS receivers that are on the ground, LightSquared has stated its belief that 
new radio signal filtering techniques and/or exclusion zones can mitigate the inter- 
ference concern for GPS users. Our engineers are concerned that a filter capable of 
blocking out the powerful LightSquared signal at the lower channel may also pre- 
vent the receiver from detecting the GPS signal, rendering it useless. This is some- 
thing that must be investigated thoroughly in the next round of testing, so that 
NOAA does not lose important operational capabilities. If a filter-based solution is 
identified, it must preserve the receiver’s high-precision functionality and it must 
not impose an unreasonable cost burden on NOAA and its partners. Establishing 
exclusion zones to keep LightSquared base stations away from major GPS users 
such as CORS sites may be more feasible, although this creates its own set of prob- 
lems. 

Conclusion 

Mr. Chairman, the Administration believes that we must protect existing GPS 
users from disruption of the services they depend on today and ensure that innova- 
tive new GPS applications can be developed in the future. At the same time, recog- 
nizing the President’s instruction to identify 500 MHz of new spectrum for innova- 
tive new mobile broadband services, we will continue our efforts at more efficient 
use of spectrum. Therefore, in the short run, we recommend further testing in order 


1 Leveson, Irving. 2009. Socio-Economic Benefits Study: Scoping the Value of CORS and 
GRAV-D. NOAA’s National Geodetic Survey, Washington, D.C. 
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to assess the GPS interference concerns in the lower 10 MHz of the band and to 
establish whether there are any feasible mitigation strategies. We also encourage 
commercial entities with interests to work with LightSquared toward a possible res- 
olution, though any proposed mitigation must be subjected to full testing. The Ad- 
ministration appreciates LightSquared’s offer to not transmit in the upper 10 MHz 
of its band, right next to GPS, and strongly supports efforts to identify alternative 
means of achieving the intended purpose of the signal that was planned there. The 
challenge of meeting the President’s goal also depends on long-term actions by fed- 
eral agencies in the area of research and development, procurement practices that 
encourage spectrally efficient applications, and new policy development. 

NOAA has communicated our concerns to the National Telecommunications and 
Information Administration (NTIA), the agency that is responsible for managing 
federal agencies’ use of spectrum, and with which the FCC has stated it will consult 
in determining whether the interference concerns raised by this matter have been 
resolved. 

NTIA, on behalf of impacted federal agencies, has previously informed the FCC, 
on two occasions, that the LightSquared proposal “raises significant interference 
concerns” with respect to GPS and GNSS receivers and has urged the FCC to en- 
sure these concerns are resolved before permitting LightSquared to become oper- 
ational. 2 

This concludes my prepared statement. I thank you for your attention and look 
forward to your questions. 

Chairman Hall. And thank you for staying within the five min- 
utes. 

Mr. Sparrow, you may proceed, sir. 

STATEMENT OF MR. VICTOR SPARROW, 

DIRECTOR, SPECTRUM POLICY, 

SPACE COMMUNICATIONS AND NAVIGATION, 

SPACE OPERATIONS MISSION DIRECTORATE, 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Mr. Sparrow. Okay. Good morning Chairman Hall, Ranking 
Member Johnson, and distinguished Members of the Committee. 
Thank you for inviting NASA to testify on the potential impacts of 
the proposed LightSquared Network on NASA’s scientific and ex- 
ploration activities. My name is Victor Sparrow, and as you have 
mentioned, I am the Director of Spectrum Policy and Planning for 
NASA. 

My testimony today will focus on some of NASA’s GPS-dependent 
applications and their vulnerability to interference from the pro- 
posed network. I have gone into more detail in my written testi- 
mony and would be pleased to provide more information on any of 
these applications if needed. 

NASA relies on GPS technology and capabilities to monitor and 
improve our scientific understanding of the Earth, including cli- 
mate studies and solid earth hazards, such as earthquakes and vol- 
canic activity. This knowledge of our dynamic environment en- 
hances resource management and protection, as well as environ- 
mental impact mitigation efforts. 

NASA also uses GPS data for ground-truth calibration, often sup- 
ported by field measurements. Precise knowledge of their location 
is critical to enable accurate calibration of instruments aboard 
many of NASA’s orbiting earth science spacecraft. 


2 Letter from Lawrence E. Strickling, Assistant Secretary for Communications and Informa- 
tion, U.S. Department of Commerce, to Julius Genachowski, Chairman, Federal Communica- 
tions Commission, (January 12, 2011). See also. Letter from Lawrence E. Strickling, Assistant 
Secretary for Communications and Information, U.S. Department of Commerce, to Julius 
Genachowski, Chairman, Federal Communications Commission, (July 6, 2011). 
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NASA also collects data used in Unmanned Aerial Vehicles and 
crewed aircraft. For example, NASA recently flew sophisticated 
radar to study the oil disaster in the Gulf of Mexico and the impact 
of the Mississippi River floods on levees and farmlands. These 
UAVs and other aircraft conducting airborne science flights rely 
heavily on GPS data for accurate navigation and critical science 
measurements. 

Spacecraft also use GPS for highly precise navigation. This may 
involve obtaining signals from very low angles, including those 
from just over the horizon. Based on testing and analysis, NASA 
is concerned that powerful signals from a ground-based terrestrial 
network may cause disruption of these signals, degrading the preci- 
sion of the spacecraft’s orientation. 

The worldwide search and rescue community uses the proposed 
band for downlink messages. There is a new system, the Distress 
Alerting Satellite System, developed by NASA’s Goddard Space 
Flight Center, which is intended to integrate future GPS satellites 
to replace the existing search and rescue system that will be de- 
commissioned in 2016. 

As far as testing is concerned, NASA has participated in several 
efforts to analyze the potential impacts from the proposed network. 
NASA was part of the industry-led TWG and led the work of the 
Space-Based subgroup. NASA also participated in the High Preci- 
sion Receiver sub-group. 

NASA is also a member of the federal agency National Space- 
Based Positioning, Navigation, and Timing or PNT Systems Engi- 
neering Forum or NPEF, conducting tests and analysis work to in- 
terference to GPS receivers. 

Finally, NASA was involved in the test and analysis efforts con- 
ducted by RTCA, an advisory board to the FAA. 

Results of the TWG and NPEF test and analysis efforts indicate 
that significant and harmful interference would occur to terrestrial 
and space-based GPS receivers from the proposed network. NASA’s 
test results firmly support the conclusion at this point that deploy- 
ment of the LightSquared network would jeopardize NASA’s low- 
earth orbit and terrestrial-based science missions that are depend- 
ent and reliable on GPS reception. Similarly, analysis conducted on 
aviation-based scenarios in the RTCA efforts demonstrated that the 
deployment and operation of the propose network would not be 
compatible with aviation GPS operations. The significant disrup- 
tion of GPS-based aviation systems would adversely impact NASA’s 
aviation research missions. 

The Technical Working Group considered several mitigation op- 
tions, none which of yet have been demonstrated to be effective in 
mitigating potential interference to GPS. 

In conclusion, Mr. Chairman, NASA has participated in federal 
agency and industry-led test and analysis efforts related to the de- 
ployment of the LightSquared Network and its potential impact to 
GPS. At this time it is clear to NASA that the FCC-imposed condi- 
tion requiring resolution of GPS interference issues prior to com- 
mencing commercial operations has not been satisfied, including 
LightSquared’s modified plan of June 30. Impacts to NASA’s GPS- 
dependent systems from interference created by the network would 
be substantial. It is important to reiterate that NASA fully sup- 
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ports the Nation’s efforts to increase broadband wireless access, but 
such efforts should be compatible with our critical GPS assets. The 
critical science and engineering applications that GPS makes pos- 
sible, benefiting Americans in many ways, should not be jeopard- 
ized. 

I would like to thank the Committee for its continued support of 
NASA and its programs, and I look forward to answering your 
questions you may have. Thank you. 

[The prepared statement of Mr. Sparrow follows:] 

Prepared Statement of Mr. Victor D. Sparrow, 

Director, Spectrum Policy and Planning Division, 

Human Exploration and Operations Mission Directorate, 

National Aeronautics and Space Administration 

Good morning Chairman Hall, Ranking Member Johnson, and Members of the 
Committee. Thank you for inviting the National Aeronautics and Space Administra- 
tion (NASA) to testify today on this very important issue concerning the potential 
impacts of the proposed LightSquared network on NASA’s activities. My name is 
Victor Sparrow, and I am Director of the Spectrum Policy and Planning Division at 
NASA. 

NASA recognizes the importance of maximizing the utility of the radio spectrum, 
and fully supports the President’s Wireless Innovation Initiative and the Executive 
Memo setting a goal of 500 MHz for mobile broadband to achieve this end. This ef- 
fort is needed to enable the continued growth of, and innovation in, wireless 
broadband capabilities and services. It is important to ensure, though, that projects 
being undertaken to pursue this initiative are compatible with the many Global-Po- 
sitioning-System-dependent (GPS-dependent) systems that are also critical to the 
Nation. The capabilities, benefits, and innovation of the GPS utility should not be 
degraded or disrupted in the pursuit of increased wireless broadband access. 

My testimony today will focus on some of NASA’s GPS-dependent applications, 
and their significant vulnerability to interference from the network proposed by 
LightSquared and under consideration by the Federal Communications Commission 
(ECO. Impacted systems would include ground-based, airborne, and space-based re- 
ceivers used to support activities such as: Earth Science research, weather fore- 
casting, disaster monitoring, ground-truth calibration of instruments on orbit, preci- 
sion navigation for aircraft and spacecraft, and search and rescue efforts. Research 
into the development of future aeronautical applications might be affected, as well. 
The Administration believes that we must protect existing GPS users from disrup- 
tion of the services they depend on today and ensure that innovative new GPS ap- 
plications can be developed in the future. At the same time, recognizing the Presi- 
dent’s instruction to identify 500 MHz of new spectrum for innovative new mobile 
broadband services, we will continue our efforts at more efficient use of spectrum. 
Therefore, in the short run, we recommend further testing in order to assess the 
GPS interference concerns in the lower 10 MHz of the band and to establish wheth- 
er there are any feasible mitigation strategies. We also encourage commercial enti- 
ties with interests to work with LightSquared toward a possible resolution, though 
any proposed mitigation must be subjected to full testing. The Administration ap- 
preciates LightSquared’s offer to not transmit in the upper 10 MHz of its band, 
right next to GPS, and strongly supports efforts to identify alternative means of 
achieving the intended purpose of the signal that was planned there. The challenge 
of meeting the President’s goal also depends on long-term actions by Federal agen- 
cies in the area of research and development, procurement practices that encourage 
spectrally-efficient applications, and new policy development. 

NASA Science-Related Uses of GPS Technology 

In addition to depending upon GPS to provide robust navigation services, NASA 
relies on GPS technology and capabilities to monitor and improve our understanding 
of Earth science, including climate change and solid Earth hazards, such as earth- 
quakes and volcanic activity. This knowledge of our dynamic environment enhances 
resource management and protection, and environmental impact mitigation efforts. 
Some examples of the use of GPS-dependent space-based applications to improve 
our knowledge of the Earth include: determining the atmosphere’s water content; 
improving the accuracy of weather forecasts; and enabling (as part of a multi-instru- 
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ment suite) ocean topography measurements to determine currents and long-term 
changes in sea height. Ground-based GPS networks are also playing an increasingly 
prominent role in monitoring ground movement in order to identify potential condi- 
tions that may precede earthquakes and volcanic activity. 

NASA also uses GPS data for ground-truth calibration measurements, often sup- 
ported by field measurements. Precise knowledge of the location of these measure- 
ments is critical to enabling accurate calibration of instruments aboard orbiting 
spacecraft. This important procedure is completely dependent on the availability of 
the in situ GPS location data. Without ground-truth measurements, the resulting 
observations from spacecraft instruments, and interpretations of the data they col- 
lect, would be suspect. This application of the GPS system impacts many Earth 
Science missions. 

In addition to data collected from satellites or in situ measurements on the 
ground, data are also collected using Unmanned Aerial Vehicles (UAVs) and crewed 
aircraft. For example, NASA’s highly successful UAV Synthetic Aperture Radar 
project recently flew a sophisticated radar to study the Gulf of Mexico oil disaster 
and the impact of the Mississippi River floods on levees and farmland. These UAVs 
and other aircraft use GPS for navigation. Airborne science flights carrying lidars 
or altimeters rely on GPS data for all the science measurements they obtained. 

Spacecraft also use GPS for highly precise navigation, using as many GPS sat- 
ellites’ signals as their receivers are able to acquire at one time. This may involve 
obtaining signals from very low angles, including those from just over the receiving 
spacecraft’s “horizon.” Based on testing and analysis of receivers used for a similar 
low look angle scenario (“radio occultation” measurements), NASA is concerned that 
powerful signals from a ground-based terrestrial network may cause disruption of 
those signals, degrading the precision of the spacecraft’s orientation. 

NASA uses GPS for weather sensing applications with a technique known as GPS 
radio occultation. This relies on the bending of GPS radio signals by the atmosphere 
as they travel from the GPS satellites in medium Earth orbit to a spacecraft in low 
Earth orbit (LEO). Specifically, this technique is used to estimate the temperature 
and water vapor content of the atmosphere by evaluating the minute changes in the 
GPS signal. These measurements define a vertical profile within the atmosphere. 
This technique, developed by NASA, is now being used operationally by the National 
Oceanic and Atmospheric Administration (NOAA) to improve its long-range weather 
forecasts. 

NASA Support for GPS-Based Search and Rescue (SAR) Efforts 

The worldwide Search and Rescue (SAR) community uses the 1544 MHz band for 
downlink messages. The effects of the LightSquared network on the global SAR ca- 
pability have not yet been determined. It is critical to test the compatibility of these 
systems before a final regulatory decision is made which might affect future federal 
and international infrastructure plans. NASA is supporting the integration of a 
next-generation SAR capability onto the GPS satellites. The new system, the Dis- 
tress Alerting Satellite System (DASS), is intended to succeed the existing COSPAS- 
SARSATi system as it is decommissioned around 2016. DASS is expected to signifi- 
cantly enhance current SAR operations by providing near-instantaneous detection 
and location of emergency beacons (NASA’s Goddard Space Flight Center currently 
hosts a prototype ground station for such applications). 

NASA Aeronautical Research and GPS 

NASA’s aeronautics research supports the development of the FAA’s NextGen air 
traffic system. NASA’s work in this area may or may not be impacted, depending 
on the resolution of the GPS signals interference issue. If the spectrum is not pro- 
tected for aviation uses, certain GPS-enabled capabilities would not be possible. 
These include advanced Flight Management Systems which would allow for preci- 
sion positioning and navigation (e.g., area navigation and required navigation per- 
formance). Substantial operational efficiencies would be lost (such as improvements 
enabled by Automatic Dependent Surveillance-Broadcast, or ADS-B technologies), 
and the benefits of NASA’s aeronautics research into NextGen applications that as- 
sume GPS-enabled precision would not be realized. 


1 COSPAS-SARSAT is the international satellite search-and-rescue network. COSPAS is an 
acronym for the Russian words llCosmicheskaya Sistyema Poiska Avariynich Sudov” (“Space 
System for the Search of Vessels in Distress”), and SARSAT for “Search And Rescue Satellite 
Aided Tracking.” 
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Test and Analysis of LightSquared’s Impacts 

NASA has participated in several efforts to analyze the potential impacts of the 
LightSquared proposal. The Agency was part of the industry-led Technical Working 
Group (TWG), which analyzed and tested GPS receiver performance in the presence 
of interfering signals representing LightSquared terrestrial broadcasts. Specifically, 
NASA led the work of the Space-Based Receiver (SBR) subgroup of the TWG, and 
participated in the work of the High Precision Receiver (HPR) subgroup. 

NASA is also a member of the National Space-based Positioning, Navigation, and 
Timing (PNT) Systems Engineering Forum (NPEF), a federal agency group that per- 
formed test and analysis work related to interference to GPS receivers. 

Finally, NASA was involved in the test and analysis effort conducted by the RTCA 
(formerly the Radio Technical Commission for Aeronautics), an advisory body to the 
Federal Aviation Administration. The FAA chartered an RTCA committee to inves- 
tigate the impact to aviation and NextGen of the LightSquared implementation 
plan. This team concluded that all three phases of the currently proposed 
LightSquared deplojunent plan are incompatible with aviation GPS operations. 
RTCA concluded that use of the upper 10 MHz band segment should not be allowed 
from an aviation perspective and that use of the Lower 10 MHz channel as a pos- 
sible mitigation technique would require additional study. 

Results of the TWG and NPEF test and analysis efforts indicate significant and 
harmful interference to terrestrial and space-based GPS receivers from the 
LightSquared network, were it to be deployed as originally intended. NASA’s test 
results support the conclusion at this point that if the LightSquared network were 
to be deployed as originally intended, NASA’s LEO and terrestrial-based science 
missions that are dependent on reliable GPS reception would be jeopardized. Simi- 
larly, analysis conducted on aviation-based scenarios in the RTCA effort showed sig- 
nificant disruption of GPS-based aviation systems, thereby impacting NASA avia- 
tion research missions. 

Mitigation Options 

Mitigation options for preventing the disruption of GPS by the deplo 3 unent and 
operation of the LightSquared network, including a proposal to only use the lower 
10 Megahertz (MHz) channel of the planned two-channel deployment, were identi- 
fied in the TWG and NPEF Reports. However, none of these options have yet been 
demonstrated to be effective in mitigating potential interference to GPS. Although 
limited testing was conducted by the TWG on the susceptibility of some GPS devices 
to the use of only the lower 10 MHz LightSquared channel, limitations — such as 
filters that have yet to be designed or are theoretical or speculative in nature — pre- 
vented adequate testing of this mitigation approach. NASA believes it would be pre- 
mature to allow the use of only the lower 10 MHz channel as a solution, until test- 
ing has been completed and it is established that there is no negative impact on 
GPS users. 

Conclusion 

Mr. Chairman, NASA has participated in the federal agency and industry-led test 
and analysis efforts related to deployment of the LightSquared network and its po- 
tential impacts to GPS. At the conclusion of these efforts, it is clear to NASA that 
the FCC-imposed condition requiring resolution of GPS interference issues prior to 
commencing commercial operations has not been satisfied, including by 
LightSquared’s modified plan of June 30, 2011. Impacts to NASA’s GPS-dependent 
systems from interference created by the network would be substantial, impacting 
airborne and spaceborne science, as well as certain space operations. It is important 
to reiterate that NASA fully supports the Nation’s efforts to increase wireless ac- 
cess, but those efforts should be implemented in such a way that our critical GPS 
assets, and the many worthwhile, innovative science and engineering applications 
they make possible, are not jeopardized. 

I would like to thank this Committee for its continuing support of NASA and its 
programs. I would be pleased to respond to any questions you may have at this 
time. 

Chairman Hall. Thank you, Mr. Sparrow. 

The Chair now recognizes Mr. Appel. 
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STATEMENT OF HON. PETER H. APPEL, 
ADMINISTRATOR, RESEARCH AND 
INNOVATIVE TECHNOLOGY ADMINISTRATION, 
DEPARTMENT OF TRANSPORTATION 

Mr. Appel. Chairman Hall, Ranking Member Johnson, and dis- 
tinguished Members of the Committee, thank you for the oppor- 
tunity to appear before you today. 

The Global Positioning System is vital to multimodal transpor- 
tation safety and efficiency now and in the future. The Next Gen- 
eration Air Transportation System or NextGen will use GPS to 
shorten routes, save time and fuel, reduce traffic delays, increase 
capacity, and permit controllers to monitor and manage aircraft 
with greater safety margins. Positive Train Control will increas- 
ingly depend on GPS to prevent train collisions and derailments 
and accidents caused by railroad switches left in an incorrect posi- 
tion. 

The Intelligent Transportation System Program for surface 
transportation relies on GPS for vehicle collision-warning and 
crash-avoidance systems. 

To provide the accuracy necessary for precision navigation, GPS 
receivers are designed with a wide front end so precision receivers 
also pick up signals from the adjacent Mobile Satellite Service 
band, the MSS band. 

Until the recent FCC action on LightSquared, this did not create 
a potential conflict. The GPS and MSS bands were both designed 
to be “quiet,” limited to weak satellite signals. GPS receivers easily 
filtered out the MSS signals. 

The Department of Transportation assessed the impact of test re- 
sults from LightSquared’s original operating plan and concluded 
that the planned use of GPS for NextGen, Positive Train Control, 
and Intelligent Transportation System research and applications 
would not be feasible under this scenario. 

Based on the test results of using both the upper and lower por- 
tion of the LightSquared band, aviation use of GPS would be sig- 
nificantly compromised due to the aggregate effect of 40,000 
LightSquared transmitters. This would impact GPS receivers on- 
board over 60,000 aircraft, resulting in substantial retrofit costs 
and delay. Safety benefits of using GPS for approach and landing 
in all weather conditions and addressing controlled flight into ter- 
rain and runway incursions would not be fully realized. 

As a mitigation technique, there would be heavy reliance on 
aging legacy ground-based systems which do not meet the perform- 
ance requirements for NextGen. The aviation industry also could 
have a demand for a non-U. S. satellite navigation system, such as 
Russia’s GLONASS system, which operates farther away in fre- 
quency from LightSquared than does GPS. 

For Positive Train Control, GPS is the least costly method for 
transmitting location information. If GPS were deemed unreliable, 
most railroads would have to switch to transponder-based tech- 
nology identifying alternative approaches, would significantly delay 
PCT implementation and increase costs. 

The Intelligent Transportation Systems Program and their in- 
dustry partners have invested many years and millions of dollars 
in safety-based research that leverages GPS to make significant 
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improvements in surface transportation crash avoidance. A deg- 
radation or loss of GPS will affect the operation of connected vehi- 
cle safety applications that will assist drivers in preventing crash- 
es. 

Recently, LightSquared proposed to initially broadcast only on 
the lower 10 megahertz portion of the band in an attempt to avoid 
many of the interference issues. It is important to realize that any 
future use of the upper portion of the band would introduce all of 
the impacts uncovered by the test results previously discussed. Any 
future examinations of LightSquared should be made under the 
paradigm that only the lower 10 megahertz portion of the band will 
be utilized. 

While this scenario may lessen the impacts on aviation and other 
modes of transportation, it is important that the new scenario be 
thoroughly analyzed and tested. High-precision GPS receivers used 
for airfield and flight procedure surveys, flight test tracking, space 
weather monitoring, and timing applications might be impacted. 

The DOT would like to work towards a win-win, if one exists, 
that allows for increased broadband access without disrupting ex- 
isting and planned GPS-based services. The DOT is also respon- 
sible for representing the Space-Based Positioning, Navigation, and 
Timing or PNT interested partner civilian federal agencies, as well 
as our own. Applications which may require access to both GPS 
and MSS signals such as precision agriculture and many scientific 
and surveying systems may be most difficult to resolve. 

We are concerned that if terrestrial broadband transmissions are 
allowed anywhere in the MSS band, they may disrupt existing 
high-precision GPS uses. The Department of Transportation has 
communicated its concerns to the National Telecommunications 
and Information Administration, NTIA, which has expressed con- 
cerns to the FCC and has urged that they be resolved before per- 
mitting LightSquared to operate. 

Going forward, the Transportation Deputy Secretary, John 
Porcari, has committed the Department to working with NTIA and 
the other federal agencies to ensure that we will have a plan in 
place such that the GPS systems in development now will not be 
compromised by interference in the years to come. 

Thank you very much, and I look forward to answering your 
questions. 

[The prepared statement of Mr. Appel follows:] 

Prepared Statement of Hon. Peter H. Appel, 

Administrator, Research and 
Innovative Technology Administration, 

U.S. Department of Transportation 

Chairman Hall, Ranking Member Johnson, and Members of the Committee: 

Thank you for the opportunity to appear before you today to discuss such an im- 
portant topic. 

The Global Positioning System (GPS) is one of the greatest success stories of gov- 
ernment and private sector innovation. Today, the use of GPS is ubiquitous. No one 
knows exactly how many commercial uses are built around GPS. Worldwide sales 
of GPS navigation devices exceed $20 billion, annually, and an estimated $3 trillion 
worth of commerce relies on GPS for tracking, timing and navigation. 

The United States clearly is the leader in space-based positioning, navigation, and 
timing (PNT) and we must continue to maintain and improve GPS, its augmenta- 
tions, and backup capabilities. 



41 


GPS is vital to multimodal applications of transportation safety and efficiency. 
The Next Generation Air Transportation System (NextGen) will transform Amer- 
ica’s air traffic control system from an aging ground-based system of today to a sat- 
ellite-based system of the future. NextGen GPS technology will be used to shorten 
routes, save time and fuel, reduce traffic delays, increase capacity, and permit con- 
trollers to monitor and manage aircraft with greater safety margins. Positive Train 
Control (PTC) will increasingly depend on GPS to prevent train-to-train collisions, 
train derailments, and accidents caused by railroad switches left in an incorrect po- 
sition. 

The Intelligent Transportation System (ITS) program will rely on GPS as a key 
technology for vehicle collision-warning and crash-avoidance systems. GPS-based lo- 
cation is also a crucial element of the Next Generation-911 public safety response 
systems currently in development. 

Per U.S. National Space-based PNT policy, the Department of Transportation also 
is responsible for representing the space-based PNT interests of partner civilian fed- 
eral agencies, as well as our own. These applications include millions of GPS receiv- 
ers used for precision agriculture and scientific and surveying systems such as those 
that NASA, NOAA, Department of the Interior, and others rely on. 

To provide the accuracy necessary for precision navigation, GPS receivers have 
been designed with a “wide front end” that pick up signals greater than the band 
authorized for GPS. In order to pick up this wide range of signals, precision receiv- 
ers also pick up signals from the adjacent band, reserved for Mobile Satellite Service 
(MSS). 

Until recently, this did not create a conflict. The GPS and MSS bands were both 
designed to be “quiet,” limited to weak satellite signals, a tiny fraction of a watt 
when they reached the Earth. GPS receivers easily filtered out the MSS signals. 

In January 2011, the Federal Communications Commission (FCC) approved the 
application of LightSquared to broadcast broadband signals in the MSS band, con- 
tingent on LightSquared resolving potential interference to GPS. The LightSquared- 
led Technical Working Group (TW(j) performed measurements and submitted its re- 
sults and findings to the FCC on June 30th. 

Technical staff from the Federal Aviation Administration (FAA) participated in 
the TWG testing. In addition, the FAA commissioned RTCA, Inc. to study the im- 
pact of LightSquared’s proposed operations on aviation. The Department of Trans- 
portation also participated in a joint federal study — the National Space-Based PNT 
Engineering Forum (NPEF) — to assess the impact on a broad range of common gov- 
ernment and commercial GPS receivers. 

The tests, based on the original operating plan that LightSquared had submitted 
to the FCC, focused on “overload interference” — interference with the GPS receivers 
that “listened in” to the adjacent MSS band. The powerful broadband signal over- 
whelmed filters and effectively blocked GPS signals in almost all of the devices test- 
ed. 

The Department of Transportation assessed the impact of these test results from 
LightSquared’s original operating plan and concluded that the planned use of GPS 
for NextGen, Positive Train Control, and Intelligent Transportation System research 
and applications would not be feasible under this scenario. 

Based on the test results of using both the upper and lower portion of the 
LightSquared band — the original LightSquared operating plan — aviation use of 
GPS would be significantly compromised due to the aggregate effect of 40,000 high- 
power LightSquared transmitters. This would impact GPS receivers onboard over 
60,000 aircraft, resulting in substantial retrofit costs. Benefits of providing more di- 
rect routes and improving capacity, as well as safety benefits of using GPS for ap- 
proach and landing in all weather conditions, and addressing controlled flight into 
terrain and runway incursions, would not be fully realized. 

As a mitigation technique, there would be heavy reliance on aging legacy ground- 
based systems which do not meet the performance requirements for NextGen. The 
aviation industry also could have a demand for a non-U.S. satellite navigation sys- 
tem, such as Russia’s GLONASS system, which operates farther away in frequency 
from LightSquared than does GPS. 

The FAA has initiated an Alternative Positioning, Navigation, and Timing (APNT) 
research program to identify technologies that meet the requirements of NextGen 
in the event that GPS is disrupted. 

Other transportation applications that rely on GPS also would be affected. For 
Positive Train Control, use of GPS is the least costly method for transmitting loca- 
tion information. If GPS were deemed to be unreliable, most railroads would have 
to switch to the transponder-based technology such as that used for the Advanced 
Civil Speed Enforcement System (ACSES) currently in place on the Northeast Cor- 
ridor. 
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A need to identify alternate and complementary sources for positioning, naviga- 
tion, and timing would result in significant increases in PTC implementation time 
and costs. 

The Intelligent Transportation Systems Joint Program Office and their industry 
partners have invested many years and millions of dollars in safety-based research 
that leverages GPS to make significant improvements in surface transportation 
crash avoidance. A degradation or loss of GPS will affect the operation of Vehicle- 
to-Vehicle and Vehicle-to-Infrastructure applications that provide the location and 
speed of other vehicles assisting drivers in preventing crashes, thereby reducing the 
substantial number of fatalities and injuries that occur each year. 

On June 30th, LightSquared submitted a Recommendation Paper to the FCC pro- 
posing to initially broadcast only on the lower 10 MHz portion of the band in an 
attempt to avoid many of the interference issues. LightSquared plans to “standstill” 
on use of the upper portion of the band. It is important to realize that any future 
use of the upper portion of the band would introduce all of the impacts uncovered 
by the test results previously discussed. As a result, any future examinations of 
LightSquared should be made under the paradigm that only the lower 10 MHz por- 
tion of the band would ever be utilized for the proposed high-power terrestrial trans- 
mitters. 

While this scenario may lessen the impacts on aviation and other modes of trans- 
portation, it is important that the new scenario — at which LightSquared only oper- 
ates at the lower 10 MHz portion of its spectrum — be thoroughly analyzed and test- 
ed to determine any impact to GPS performance. 

The FAA is concerned that high-precision GPS receivers used for airfield and 
flight procedure surveys, flight test tracking, space weather monitoring, and timing 
applications might be impacted. Also, applications which require access to both GPS 
and MSS signals such as precision agriculture may be the most difficult to resolve. 

The Department of Transportation would like to work towards a “win-win” — if one 
exists — that allows for increased broadband access, without disrupting existing and 
planned GPS-based services, such as NextGen. 

However, we are concerned that if terrestrial broadband transmissions are al- 
lowed anywhere in the MSS-band, they will disrupt existing GPS uses including 
precision agriculture and many scientific and surveying systems such as those that 
NASA, NOAA, Department of the Interior, and others rely on. 

The Department of Transportation has communicated its concerns to the National 
Telecommunications and Information Administration (NTIA), the agency that is re- 
sponsible for managing federal agencies’ use of spectrum, and with which the FCC 
has stated it will consult in determining whether the interference concerns raised 
by this matter have been resolved. NTIA has advised the FCC that the 
LightSquared proposal “raises significant interference concerns” and has urged the 
FCC to ensure these concerns are resolved before permitting LightSquared to be- 
come operational. ^ 

The Department of Transportation will look for solutions to the challenges of our 
partner agencies, as well as our own, in interagency discussions. Going forward. 
Deputy Secretary John Porcari has committed the Department to work with NTIA 
and the other federal agencies to ensure that we have a plan in place such that the 
GPS systems in development now will not be compromised by interference in the 
years to come. 

The Administration believes that we must protect existing GPS users from disrup- 
tion of the services they depend on today and ensure that innovative new GPS ap- 
plications can be developed in the future. At the same time, recognizing the Presi- 
dent’s instruction to identify 500 MHz of new spectrum for innovative new mobile 
broadband services, we will continue our efforts at more efficient use of spectrum. 

Therefore, in the short run, we will participate in any further testing or analysis 
required to establish whether there are any mitigation strategies that can enable 
LightSquared operation in the lower 10 MHz of the band. We also encourage com- 
mercial entities with interests to work with LightSquared toward a possible resolu- 
tion, though any proposed mitigation must be subjected to full testing. The chal- 
lenge of meeting the President’s goal also depends on long-term actions by federal 
agencies in the area of research and development, procurement practices that en- 
courage spectrally efficient applications, and new policy development. 

Thank you and I look forward to answering your questions. 


1 Letter from Lawrence E. Strickling, Assistant Secretary for Communications and Informa- 
tion, U.S. Department of Commerce, to Julius Genachowski, Chairman, Federal Communica- 
tions Commission, (January 12, 2011). See also. Letter from Lawrence E. Strickling, Assistant 
Secretary for Communications and Information, U.S. Department of Commerce, to Julius 
Genachowski, Chairman, Federal Communications Commission, (July 6, 2011). 
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Chairman Hall. I thank you very much, and our next — who is 
next up? Dr. Applegate for five minutes. Thank you, sir. 

Mr. Applegate. Thank you. 

STATEMENT OF DR. DAVID APPLEGATE, 

ASSOCIATE DIRECTOR, NATURAL HAZARDS, 

U.S. GEOLOGICAL SURVEY, U.S. DEPARTMENT 
OF THE INTERIOR 

Dr. Applegate. Well, Chairman Hall, Ranking Member Johnson, 
and Members of the Committee, I want to thank you for the invita- 
tion to testify at this hearing. I am the Associate Director for Nat- 
ural Hazards at the U.S. Geological Survey, and we are the science 
agency for the Department of the Interior. 

The Department has significant concerns about the proposed 
LightSquared system, which could have negative impacts on the re- 
ception of Global Positioning System signals. The USGS and our 
colleagues across Interior make extensive use of GPS technology. 
Testing performed this year on LightSquared’s original deployment 
plan has failed to demonstrate the satisfactory effectiveness of miti- 
gation techniques. Proposed alternatives, meanwhile, require fur- 
ther testing to be fairly judged. The Department feels that the pro- 
posal should not be approved at this time. 

The USGS and our sister bureaus at Interior face a wide range 
of potential impacts from GPS interference. Many Interior bureaus 
have law enforcement and public safety missions, for example. In- 
terior Department police officers and fire crews use GPS for navi- 
gation in both remote back country and urban settings. 

At the USGS GPS is an essential tool for many of our mission 
responsibilities, including streamgaging, mapping and surveying, 
and in my area of responsibility, natural hazards monitoring and 
research. 

Streamgages and water quality monitors operated by the USGS 
and our partners provide data used to manage water resources, to 
forecast floods and droughts, and for many other purposes. GPS 
signals are used to calibrate these streamgages. In addition, mod- 
ern streamgages have radios that use the GPS timing signal to 
make near real-time transmission of data possible. There are about 
9,000 of these radios in use, and without them the quality of data 
from the streamgages would be diminished. Losing those capabili- 
ties would reduce the accuracy of National Weather Service flood 
forecasts and would likely diminish the ability of the Army Corps 
of Engineers to minimize flood damage. 

With respect to our mapping mission, nearly all of the mapping 
data collected today involves the use of GPS. All modern airborne 
or satellite-based systems are dependent on GPS for navigation, po- 
sition, and geolocation of the data. LiDAR technology can deter- 
mine elevation to within centimeters but requires equally precise 
GPS positioning data to validate it. 

Nowhere is our stake in this issue more significant than in our 
natural hazards mission. Under the Stafford Act, the USGS issues 
warnings and forecasts for earthquakes, volcanoes, and landslides, 
and we support other agencies, especially NOAA, for a host of other 
threats. All of these responsibilities depend on reliable, redundant 
monitoring infrastructures. 
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For rapid reporting of earthquakes and their impacts, the USGS 
relies on our Advanced National Seismic System here in the U.S. 
and the Global Seismographic Network worldwide, which we main- 
tain in cooperation with the National Science Foundation and the 
IRIS Consortium. The 2,500 seismic sensors in these networks use 
GPS for precise timing, and a small change in the timing signal, 
even just a few stations, can degrade the accuracy of our response 
products. 

Our ability to monitor deformation of the earth’s crust requires 
the most precise, accurate, and reliable GPS signals. With our uni- 
versity cooperators, along with the National Science Foundation 
and the UNAVCO Consortium, we maintain and use over 1,000 
permanent continuously operated GPS stations to monitor ground 
deformations along faults like the San Andreas. Dense networks of 
these high-data rate, high-precision GPS stations are particularly 
important for earthquake monitoring in at-risk urban areas in 
Southern California, the San Francisco Bay Area, and the Pacific 
Northwest. 

Our network of volcano observatories relies on real-time data 
from 220 continuously reporting GPS stations in order to forecast 
and detect eruptions for volcanically active areas across the West- 
ern U.S. These GPS instruments provide unique information, 
which are not often available from other monitoring methods and 
almost never with the near real time availability provided by GPS. 
Losing our GPS monitoring capabilities would result in a severely 
decreased ability to provide early as possible warning of volcanic 
unrest. This would be a significant public safety concern for com- 
munities near volcanoes, such as those in the Pacific Northwest 
and Alaska. It is also a concern for air traffic to the hazard of vol- 
canic ash. 

GPS has become so pervasive that it risks being taken for grant- 
ed. Many of these applications are critical, even fundamental, to 
the missions of the USGS and the Department of the Interior. The 
Department is committed to the development of solutions that en- 
sure no loss of critical national security capabilities, including GPS. 
We look forward to working with our federal partners as well as 
Congress to address long-term solutions regarding a balance be- 
tween federal spectrum requirements and the expanding demand 
for mobile broadband services. 

Thank you again for your attention to this important matter, and 
I would be happy to answer your questions. 

[The prepared statement of Dr. Applegate follows:] 

Prepared Statement of Dr. David Applegate, 

Associate Director for Natural Hazards, 

U.S. Geological Survey, U.S. Department of the Interior 

Chairman Hall, Congresswoman Johnson, thank you for inviting me to this hear- 
ing. My name is Dave Applegate. I am the Associate Director for Natural Hazards 
at the U.S. Geological Survey (USGS). The USGS is the science agency for the De- 
partment of the Interior (DOl). 

As you already know, the Department has significant concerns about the proposal 
for a satellite communications system being developed by the firm LightSquared. 
The proposed system could have negative impacts on the reception of Global Posi- 
tioning System signals, or GPS. The USGS and our colleagues across DOI make ex- 
tensive use of GPS technology — some of our work is entirely dependent upon it. 
Testing performed this year on LightSquared’s original deployment plan has failed 
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to demonstrate the satisfactory effectiveness of mitigation techniques. Proposed al- 
ternatives, meanwhile, require further testing to be fairly judged. The Department 
of the Interior feels that the proposal should not be approved at this time and has 
expressed this position to the National Telecommunications and Information Admin- 
istration, which represents the spectrum interests of the Federal agencies before the 
Federal Communications Commission. 

I am, of course, most familiar with the uses of high-precision GPS technology in 
the fields related to my charge of natural hazards research and monitoring. How- 
ever, DOI, the USGS, and our sister bureaus have identified a wide range of im- 
pacts of potential GPS interference to capabilities used for mapping, navigation, and 
timing. Many Interior bureaus have law enforcement and public safety missions, in- 
cluding a significant role in wildfire response nationwide. Law enforcement officers 
and fire crews use GPS for navigation in both remote backcountry and urban areas. 
Any degradation of GPS signal could make it more difficult for personnel to navi- 
gate. They would have to revert to navigating by “pencil-and-map.” 
Miscommunication and delays also would be a life-safety risk for personnel and the 
public. It is even possible that investigations by Department law-enforcement agents 
could be called into doubt due to the greater inaccuracy of manual geolocation tech- 
niques. 

For our part at the USGS, GPS technology is an essential tool for many of our 
mission responsibilities. Some examples include streamgaging, mapping and sur- 
ve 3 dng, and in my area of expertise, geologic hazards. 

Streamgages and water quality monitors operated by the USGS and its partners 
provide data used to manage water resources, forecast floods and droughts, inform 
the design and operation of dams, levees, water — and wastewater treatment plants, 
and irrigation systems, and the regulation and monitoring of water pollution and 
its impacts. GPS signals in mobile applications are used to accurately position flow- 
measuring equipment and obtain data needed to calibrate streamgages. In addition, 
modern streamgages have radios that use the GPS timing signal to make near real- 
time transmission of data possible. There are about 9,000 of these radios in use and 
without them the quality of data from the streamgages would be diminished. The 
impact of losing the capabilities of these radios is varied and significant. For exam- 
ple, it would reduce the accuracy of National Weather Service flood forecasts and 
would likely diminish the ability of flood-fighting agencies such as the Corps of En- 
gineers to minimize flood damage. The confidence and timeliness of water-manage- 
ment decisions made by states, the Bureau of Reclamation, and the Army Corps of 
Engineers could also be impacted. Since 2009, the USGS has invested $11.5 million 
in GPS-based satellite radios and 91 acoustic doppler current profilers. Without the 
GPS-driven streamgage satellite radios, the increase in costs will approach $6.6 mil- 
lion per year based on the expense of periodically resetting physical clocks at each 
streamgage. 

As with our work to better understand water resources, the USGS relies on strong 
partnerships to fulfill our mapping missions. The science and craft of mapping have 
come a long way since this USGS mission began in the late 19th Century. Today, 
nearly all of the data collected involves the use of GPS. All modern airborne or sat- 
ellite-based systems are dependent on GPS for navigation, positioning and 
geolocation of the data. Ortho-rectified imagery needs GPS to reliably determine the 
location of each image. LiDAR technology, meanwhile, can determine elevation to 
within centimeters, but requires equally precise GPS positioning data to validate it. 
High-precision LiDAR data are also useful in my field because the technology can 
reveal hidden faults, map out ancient landslides, and determine the shape of volca- 
noes in unprecedented detail. Since 2008, USGS has made between $18 million and 
$20 million in lidar acquisition purchases per year. The 2010 total was over $40 mil- 
lion, including a substantial investment of Recovery Act funds. 

Nowhere is our stake in this issue more significant than in our mission respon- 
sibilities for natural hazards. Under the Stafford Act, the USGS issues warnings 
and forecasts for a variety of geologic hazards, and we support other agencies for 
a host of other threats. All of these responsibilities depend on reliable, redundant 
monitoring infrastructures, like networks of seismometers or streamgages. 

For rapid reporting of earthquakes and their impacts, the USGS relies on our Ad- 
vanced National Seismic System (ANSS) here in the U.S. and the Global Seis- 
mographic Network (GSN) worldwide, in cooperation with the National Science 
Foundation and IRIS Consortium of universities. The 2,500 seismic sensors in these 
networks use GPS for precise timing, and a small change in the timing signal at 
even just a few seismic stations can degrade the accuracy of earthquake’s location, 
and hence all downstream response products. 

Our ability to monitor deformation of the Earth’s crust requires the most precise, 
accurate, and reliable GPS signals. We and our university cooperators, along with 
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the National Science Foundation and UNAVCO consortium, maintain and use over 
1,000 permanent continuously operating GPS stations to track plate motions and 
monitor ground deformation due to earthquakes along faults like the San Andreas 
and hundreds of others nationwide. Dense networks of high data rate, high-preci- 
sion GPS stations are particularly important for earthquake monitoring for at-risk 
urban areas in southern California, the San Francisco Bay Area, and the Pacific 
Northwest. The estimated capital cost of the USGS investment in these geodetic 
networks is $26 million, including $6 million in Recovery Act funds used to upgrade 
existing networks. For the NSF Earthscope project alone, GPS network capital costs 
are about $100 million and current operation and maintenance costs are $11 million 
yearly. UNAVCO expert analysis shows that this NSF investment would be put in 
jeopardy if the LightSquared Network is given approval to proceed. 

Our network of volcano observatories relies on real-time data from 220 continu- 
ously reporting GPS stations in order to forecast and detect eruptions for 
volcanically active areas around the western United States. These GPS instruments 
provide unique information on the location of magma and the size of an impending 
eruption, which seismic or other types of data do not. The impact of interference 
of GPS signals on the monitoring of U.S. volcanoes would be substantial. The three- 
dimensional deformation data gathered from continuously recording GPS stations 
are often not available from any other monitoring method, and almost never with 
the near-real-time availability provided by the GPS networks. We now rely on our 
GPS monitoring capabilities, and losing these would result in a severely decreased 
ability to perform our duties in providing earliest possible warning of volcanic un- 
rest. This would be a significant public safety concern for communities near volca- 
noes, such as those in the Pacific Northwest and Alaska. It is also a concern for 
air traffic in the northern Pacific Ocean due to the hazard of volcanic ash, a hazard 
that was recently demonstrated by the eruption of Icelandic volcanoes. Similar tech- 
nology is used to monitor 16 potential landslide sites. The USGS capital investment 
in GPS receivers currently used for volcano monitoring is $3.5 million of which $1.5 
million came from Recovery Act funds. 

Recent testing has demonstrated that reception of the LI signal, the civilian-use 
band of frequencies, by high-precision receivers used by DOI is significantly de- 
graded when exposed to the proposed LightSquared signals tested thus far (recently 
proposed alternatives will require further testing to be sufficiently understood and 
fairly judged). Given the wide use of such receivers and the uncertainty of technical 
fixes, it is impossible to predict exactly how much it would cost to replace these re- 
ceivers. The Department estimates that it has invested about $100 million in the 
technology and it could cost as much as $500 million to replace it. Also, there could 
be a cost in lost situational awareness and ongoing scientific research. 

GPS is vitally important in acquiring virtually every type of spatially referenced 
data in use today. It has become so pervasive that it is taken for granted. Many 
of these applications are critical-even fundamental-to the missions of the USGS and 
the Department of the Interior. A short-term requirement for replacement or modi- 
fication would be chaotic and expensive; a gradual upgrade would require adequate 
funding, careful planning, and several years. 

The Department fully supports the national economic and security goals of the 
President’s 500 MHz initiative and is committed to the implementation of more ef- 
fective and efficient use of the finite radio frequency spectrum and the development 
of solutions that ensure no loss of critical National Security capabilities, to include 
GPS. The Department will continue to work with its Administration partners and 
NTIA, as well as with Congress, to address long-term solutions regarding a balance 
between federal spectrum requirements and the expanding demand for mobile 
broadband services.Thank you again for inviting me today and for your attention 
to this important matter. I would be happy to answer any questions you may have. 

Chairman Hall. I thank you, sir, and Mr. Carlisle, you may pro- 
ceed, sir. 


STATEMENT OF MR. JEFFREY J. CARLISLE, 
EXECUTIVE VICE PRESIDENT, REGULATORY AFFAIRS 
AND PUBLIC POLICY, LIGHTSQUARED 

Mr. Carlisle. Chairman Hall, Ranking Member Johnson, Mem- 
bers of the Committee, thank you very much for giving me the op- 
portunity to speak with you today about this issue. 
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We are going to make a major investment in U.S. infrastructure, 
and let me be extremely clear about this. We are not going to im- 
plement that investment in a way that will degrade or destroy 
GPS. Nor do we believe that the FCC would ever allow us to do 
so. This is not a zero sum game. Americans do not have to choose 
between a robust GPS and a competitive broadband wireless net- 
work. They can have both, because this is an issue of responsible 
receiver design and coordination of the network. It is a technical 
issue that can be solved just as it is solved every time anybody de- 
ploys a wireless network in the United States. 

As was mentioned earlier, we are investing $14 billion over the 
next eight years in deploying this network. This investment also in- 
cludes support of our satellite, which was launched last November, 
which in and of itself was a $1 billion investment in American 
technology leadership. Part of that investment was $250 million in 
space technology that have never been invented yet, and as a result 
we have the largest commercial dish ever launched into space any- 
where. 

Now, why did we make this investment, and why are we commit- 
ting to invest more? Because the certainty of the FCC regulatory 
regime allowing us to deployment a ground-based network and this 
was not developed within the last few months as it is sometimes 
portrayed. This was actually the result of a four-year process that 
the FCC conducted from 2001, to 2005, and I have detailed this 
process in my testimony, but I will just emphasize a few points 
here. 

This process resulted — there was the — there were the original 
rules, there was out authorization under the rules in — the original 
rules were written in 2003, we were authorized in 2004, and the 
rules were reconsidered in 2005. That reconsideration is relevant 
for a very specific point. In that reconsideration in 2005, the FCC 
did two things. It removed any limit on the number of base stations 
or cell towers we could deploy in our network. It also established 
a power level of 1.6 kilowatts for those base stations. That is what 
we tested, that is what we are using, and that is what we have 
committed to use going forward. 

Also as part of this process it included the GPS manufacturers, 
and it included review at every one of these steps; 2003, 2004, 
2005, by NTIA’s interdepartmental committee that review — inter- 
agency committee that reviews all decisions by the FCC that have 
a potential impact on federal spectrum. The agencies here today 
can have — can and have made their concerns known through that 
committee on any number of spectrum issues, including this one. 

So why was that last issue relevant? Well, during the process 
from 2001 to 2005, the GPS industry said that the only issue that 
we were supposed to be worried about was our signal going into 
GPS, that it was powerful, it was going to taper off into GPS and 
overwhelm the GPS signal. We reached an agreement in 2002 to 
prevent that. Our signal is filtered so it doesn’t taper off into GPS. 

The issue of receiver sensitivity where the receivers or receiver 
overload where the receivers look into our band, so it doesn’t mat- 
ter what kind of filtering we put in, they can still be overloaded 
by our transmitters, that was never raised during this four-year pe- 
riod. It was first raised by the GPS Industry Council in September 
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of last year after we had already committed $4 billion of invest- 
ment to this project on the basis of the rules that had been written 
six years previously. 

So where are we today? We are moving forward with the pro- 
posal that has been discussed. We are moving to the other end of 
the GPS spectrum at a cost of $100 million to the company. We are 
reducing our power by 90 percent, not 50 percent. Ninety percent 
to the levels established in 2005, and this week we also discussed 
limiting the power that will reach the ground so that we will not 
interfere with the vast majority of devices. We will also fund re- 
search into resilient precision devices and coordinate the deploy- 
ment of our network to avoid interference with them. 

We are committed to solving this issue, because if we get it 
wrong, Americans won’t have access to another competitive 
broadband network. They will basically have two, and that is a 
pretty big stake right now, particularly for jobs, education, and sci- 
entific progress in the United States. 

Thank you very much for you time, and I look forward to answer- 
ing your questions. 

[The prepared statement of Mr. Carlisle follows:] 

PREPARED STATEMENT OF MR. JEFFREY J. CARLISLE, 
EXECUTIVE VICE PRESIDENT, 

REGULATORY AFFAIRS AND PUBLIC POLICY, LIGHTSQUARED 

My testimony today will explain the network that LightSquared is building, ex- 
tensive interference testing, and steps that LightSquared plans to take to mitigate 
interference. LightSquared is investing billions of dollars in American infrastruc- 
ture, in order to bring competitive wireless broadband service across the country. 
We will do so in a way that protects the GPS-related work of the agencies under 
this Committee’s jurisdiction. Indeed, LightSquared is in very much the same posi- 
tion as the agencies testifying before you today. We find long-planned and long-au- 
thorized operations threatened because the manufacturers of GPS devices have been 
building and selling receivers that ignored rules the FCC established in 2003 and 
2005 with their knowledge, and without their opposition. Nevertheless, 
LightSquared is committed to working with the Committee and the agencies to do 
our part in addressing a problem we did not create, and we have already made sub- 
stantial and real proposals. The interference issue is a question of technology choice, 
and can be addressed through proper design. 

I. LightSquared Is Building Critical Infrastructure for the 21st Century 

LightSquared is investing $14 billion over the next eight years to build a nation- 
wide wireless broadband network. This investment will support over 15,000 jobs a 
year for each of the five years that it will take to construct this network. When com- 
pleted, our ground network will provide over 260 million people with wireless 
broadband service at expected speeds of 5 to 10 megabits per second. The ground 
network will provide the scale needed to make our new high-power satellite system 
viable over the long term, which will provide disaster-resistant service to a new gen- 
eration of user devices that are the same size, weight, and cost as today’s terrestrial 
mobile devices. LightSquared’s network promises to increase competition in the 
marketplace, give consumers new choices, broaden access to broadband, increase 
public safety and emergency response, and, ultimately, lower prices. 

This network is the culmination of years of hard work and billions of dollars of 
investment. LightSquared has been authorized to use spectrum for mobile satellite 
services (MSS) since 1989, and launch its first satellite in 1996. For the last 15 
years, it has provided voice and data services over its satellites to federal, state and 
local governments, transportation and maritime industries, and others who need re- 
liable communications when a ground network is unavailable. 

In 2003, the FCC first issued rules authorizing the use of satellite spectrum for 
ground networks. The FCC issued an authorization to LightSquared’s predecessor 
in 2004, and finalized the spectrum rules in 2005 on reconsideration. Since then 
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LightSquared has worked hard to bring its network to market. It coordinated spec- 
trum and developed technology to support an integrated satellite and ground net- 
work. 

Now we are ready to move forward, and this investment is coming at a particu- 
larly crucial time. The U.S. ranks 15th in the world when it comes to broadband, 
according to a recent Cisco survey. Congestion in urban markets is leading to an 
unacceptable level of dropped calls and “no service” displays. At the same time, 
many consumers in rural America don’t even have a wireless broadband option: 28 
percent of people who live in rural America still have no access to broadband. This 
puts rural communities at a disadvantage when it comes to attracting new busi- 
nesses, creating jobs and gaining access to education. 

Wireless infrastructure in the U.S. is manifestly unready to meet the challenges 
of the 21st century. The U.S. is seeing the beginning of almost vertical growth in 
data usage. Data usage in the will jump from under 2 million terabytes per year 
to almost 14 million terabytes in 2015. Spectrum is needed to carry that data, and 
spectrum is severely limited. 

The FCC has already identified a need for at least 500 MHz of additional spec- 
trum to be freed for broadband use over the next 10 years. We are bringing 40 MHz 
of ^ectrum to be used for broadband services — a significant down payment on the 
FCC’s 10-year goal. No other company has such a significant slice of airwaves that 
is ready to deliver network capacity to our spectrum-starved nation, and no other 
company could conceivably offer this broad coverage in the same time frame. 

It is important to understand that LightSquared will do this in a way that is com- 
pletely different from other wireless companies in two ways. 

First, LightSquared will be the only wireless broadband network with an inte- 
grated satellite. Our first satellite was launched in November 2010, with the largest 
dish ever placed on a commercial spacecraft — seven stories tall. This represented a 
$1 billion investment in U.S. space technology. Our satellite allows a smartphone, 
tablet, data stick, or other device to link to the satellite when the ground network 
is not available, either because the device is out of range, or when ground networks 
have been destroyed by natural disasters. LightSquared already has a history of 
providing satellite communications in the places they are needed most: in Mis- 
sissippi after Hurricane Katrina; in Kentucky after widespread and destructive ice 
storms; in Joplin, Missouri after its tornado; and in Maryland, Delaware, and Vir- 
ginia after Hurricane Irene. The size and cost of satellite-enabled devices, assuming 
we can take advantage of the scale offered by the ground network, will be the same 
as that of regular cellular devices. This is why the deployment of the ground net- 
work is so critical. A sustainable, reliable satellite function promises substantial 
long-term benefit to government, public safety, and individual consumers. 

Second, LightSquared will be the first wholesale-only network. We will sell capac- 
ity to wireless companies, retailers and other companies that want to provide 
broadband services, and they can then provide the integrated network to their con- 
sumers. Thus, when we build our network, we’re not just enabling LightSquared as 
a competitor, we’re enabling dozens of competitors in the marketplace. 

In sum, then, what LightSquared is doing is making a massive private investment 
in critical U.S. infrastructure, making better and more efficient use of spectrum, 
and enabling wireless competition, all to the benefit of American consumers, public 
safety, and the nation as a whole. 

U. GPS Interference Has Been Studied Comprehensively 

Part of LightSquared’s spectrum is directly adjacent to the spectrum used by GPS. 
This is not a new development. When LightSquared’s predecessor first proposed 
using satellite spectrum for a ground network over 10 years ago, the GPS commu- 
nity, represented by the US GPS Industry Council (USGIC), asked us to voluntarily 
limit our energy that could bleed over into the GPS band. If we did nothing, com- 
paratively powerful base stations used in cell sites would drown out faint GPS sig- 
nals. We agreed to limits on emissions out of our band into GPS that were 1,000 
times stricter than what the FCC required, and designed our network around this 
agreement. Moreover, the power levels we are using today in our base stations are 
the same as what the FCC authorized in 2005, and we have committed to stay at 
those levels. I have attached a chronology, with citations to the public record, as At- 
tachment 1 to my testimony. 

The current concerns about interference do not stem from a concern about emis- 
sions into the GOPS band. Instead, in September 2010, the USGIC raised a new 
and different issue arising out of the fact that certain GPS receivers are designed 
to not only capture GPS signals, but also capture signals from our band and could 
be desensitized, or overloaded. Accordingly, no matter how strictly we limited our 
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out of band emissions, we could still cause overload of some GPS receivers. I have 
provided illustrations showing this effect as Attachment 2 to my testimony. 

Much of the advocacy hy the GPS manufacturers over the last nine months has 
tried to portray this issue as having arisen only this year because LightSquared 
somehow changed the “nature” of its network. This narrative has been stated and 
restated with a purpose: to distract lawmakers from the fact that GPS manufactur- 
ers failed to raise this issue at the FCC when it was developing its rules and could 
have addressed this issue in the design of their receivers years ago. In 2005, they 
knew that the FCC rules allowed LightSquared to deploy tens of thousands of base 
stations in our band, all broadcasting at a power of 1.5 kw. Thus, if LightSquared’s 
predecessor had had the resources to build its network at that time, it could have 
built exactly the same network as is planned today. Indeed, in 2003, the USGIC 
stated to the FCC that the effect of their rules was to allow us to use tens of thou- 
sands of base stations. (See Attachment 1 for citation.) 

The GPS community’s convenient story that we caused the problem because we 
asked for a modification to the types of end user devices that could be brought to 
our network is easily demonstrated to be false. End user devices have nothing to 
do with the overload effect the GPS community identified — it is entirely a function 
of the number and power of our base stations, which as I stated above was estab- 
lished in 2005. Moreover, as I stated above, the GPS community raised this issue 
in September 2010, two months before we asked for any modification for end user 
devices. Finally, the USGIC did acknowledge, eight years ago, that we would oper- 
ate tens of thousands of base stations in our band. The possible scale and scope of 
our use of the network was well known by, or at least obvious to, any of the large 
companies that manufacture GPS receivers, all with presences in Washington, and 
yet they did nothing. This, despite the fact that the Department of Defense’s stand- 
ards for use of the GPS constellation specify that manufacturers should use a re- 
ceiver that filters out signals from adjacent bands if they expect to have full per- 
formance. 

Notably, the original rules in 2003, our authorization in 2004, and the reconsider- 
ation of those rules in 2005 were all subject to full review by the NTIA’s Inter- 
department Radio Advisory Committee process, which includes input from all im- 
pacted federal agencies. Thus, when the FCC issued decisions allowing us to deploy 
tens of thousands of base stations, all transmitting at the powers we will use today, 
federal agencies had extensive and repeated opportunities for comment and input. 
Of course, as users of GPS devices, it is extremely difficult, if not impossible, for 
federal agencies to study this issue fully without the support and involvement of the 
GPS receiver manufacturers. The manufacturers’ failure to identify the overload 
issue until a year ago may well explain why Federal Government users did not raise 
this issue earlier. 

In the end, the GPS manufacturers either failed to understand the vulnerability 
of their own receivers or took the calculated risk that LightSquared would not be 
able to complete its network. Either way, they did nothing to prepare their receivers 
or their users for the changed spectrum environment. 

Despite the history of this issue, the fact remains that many receivers were placed 
into the stream of commerce that were not going to be compatible with the uses es- 
tablished by the FCC in 2003 and 2005. If LightSquared was going to be able to 
move forward with its network within any reasonable period of time, the responsible 
thing to do would be to test to determine the scope of the issue and possible mitiga- 
tion. This is exactly what the FCC did when, in January of this year, it ordered 
us to work with the GPS community and federal agencies on joint testing. 

What followed is perhaps the most extensive study of interference ever conducted. 
The Technical Working Group (TWG), co-chaired by LightSquared and the USGIC, 
comprised 37 individuals with strong technical expertise representing a full range 
of GPS receiver categories, installed user groups, and other interested parties. The 
TWG included representatives of all the major GPS manufacturers, the four major 
wireless companies, two public safety organizations, the Department of Defense, 
FAA, NASA, Boeing, Rockwell, and Lockheed Martin. The TWG also relied on advi- 
sors representing a full range of stakeholders including manufacturers, user groups 
and individual experts in the GPS field. Over a three-and-a-half month period, the 
TWG tested over 130 devices across seven GPS receiver categories — aviation, cel- 
lular, general location and navigation, high-precision, networks, space-based receiv- 
ers, and timing receivers. The Final TWG Report was filed June 30. 

Separately, the Department of Defense, RTCA (the aviation safety standards orga- 
nization) and the Jet Propulsion Laboratory conducted their own analysis and tests 
of dozens of GPS receivers. LightSquared provided equipment and engineering ex- 
pertise for each of these tests. Several reports or summaries have already been 
made public including reports from RTCA and the NPEF Report of government re- 
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ceivers derived from the DoD tests. Accordingly, over the past nine months, there 
has been more than adequate opportunity in numerous venues to fully test receiver 
vulnerability. 

III. Lightsquared and GPS Can Coexist 

Key to understanding mitigation options is understanding that the vast majority 
of GPS receivers look only at LightSquared’s spectrum that is immediately adjacent 
to GPS. LightSquared’s original plan, before USGIC advised of the overload issue 
in September 2010, was to use this spectrum first, and then bring additional spec- 
trum online later, when it needed further spectrum to serve capacity needs. This 
additional spectrum is on the other end of LightSquared’s band, as far away as pos- 
sible from the border with GPS. Indeed, the frequencies LightSquared planned to 
use far away from GPS are a full 23 MHz removed from the bottom of the GPS fre- 
quency. 

Unsurprisingly, then, testing shows that LightSquared’s planned deployment 
would cause interference with a broad range of different types of GPS receivers, be- 
cause the planned deployment would have started close to GPS. They also show, 
however, that use of the spectrum far away from GPS does not cause interference 
for the vast majority of GPS receivers. Among the recommendations of the NPEF 
report was a recommendation to conduct further testing of the 10 MHz furthest 
away from GPS, as the testing conducted by the Federal Government agencies on 
receivers so far has shown minimal or no interference. Similarly, the RTCA report 
stated that the 5 MHz furthest away from GPS does not cause a problem for avia- 
tion receivers under worst- case analyses, and that further analysis is needed to 
confirm that the next 5 MHz is similarly clear. Notably, the RTCA also noted that 
aviation receivers tested performed significantly better than the minimum perform- 
ance standards. LightSquared is optimistic that this further analysis will not 
change the report’s conclusion. 

Lightsquared has developed its position in response to the actual testing data, 
and has made the following proposal to resolve GPS interference issues: 

• First, Lightsquared will operate at lower power than permitted by its existing 
FCC authorization, staying at the power level authorized in 2005. 

• Second, LightSquared will agree to a standstill in the terrestrial use of its 
upper 10 MHz of its frequencies immediately adjacent to the GPS band. 

• Third, LightSquared will commence terrestrial commercial operations only on 
those portions of its spectrum that pose no risk to the vast majority of GPS 
users and will coordinate and share the cost of underwriting a workable solu- 
tion for the relatively small number of legacy precision measurement devices 
that may be at risk. 

• Fourth, just this week, LightSquared has made a proposal to the FCC to limit 
the power reaching the ground to levels that would, based on actual testing 
data, definitely eliminate interference issues for the vast majority of receivers. 
More detail on this proposal was provided to the FCC earlier this week, and 
is attached as Attachment 3 hereto. 

Initially, it should be noted that, though they are employed for a variety of impor- 
tant uses, legacy precision GPS receivers represent a small fraction of the overall 
installed base of GPS receivers. As compared to the 400 to 500 million cellular, per- 
sonal navigation and aviation receivers that will be covered by our move to spec- 
trum far away from GPS, precision receivers amount to approximately 500,000, used 
primarily in agriculture, surveying and construction. Precision receivers are also 
used in some of the scientific work undertaken by the agencies before the Com- 
mittee. Some, but not all, precision receivers may still be impacted by operations 
on the other side of our band from GPS if they are specifically designed to look all 
the way across the band. These receivers use satellite signals from our band to aug- 
ment the precision of their receivers. Notably, however, testing showed that not all 
precision receivers are so impacted. Ten out of 38 tested receivers were resilient to 
our operations in the spectrum farthest from GPS. The interference issue, then, is 
not a physics issue. It is a technology design issue and can be addressed through 
proper design. 

Contrary to the claims of some of the GPS manufacturers, there are technical and 
operational solutions that will allow us to deploy our network while retaining the 
benefits provided by using these devices. LightSquared can coordinate its rollout so 
agricultural receivers and many other receivers in remote locations will not be near 
Lightsquared base stations for several years. LightSquared will underwrite the de- 
velopment of filtering technology for new receivers that can then be used consist- 
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ently with the placement of our network. LightSquared will also work with 
Inmarsat to find a place in our band where precision manufacturers can be placed 
over the long term, isolated from terrestrial operations and where they can have a 
much higher certainty for their ongoing operations than they do today. 

TV. Conclusion 

LightSquared has never dismissed or made light of the sincere concerns expressed 
by the GPS community over the interference issues raised by the design of GPS re- 
ceivers. Nor has LightSquared ever said that, because it is a receiver issue, it is 
the job of the manufacturers to solve alone. LightSquared has an obligation to be 
a good neighbor, however or whenever this issue arose. By taking the steps I’ve out- 
lined in my testimony, LightSquared will address this issue for over 99% of the re- 
ceivers currently used. These steps are not inexpensive to us, and they are not easy, 
but they can and must be done. We are stepping up to this commitment so that 
Americans can get the benefit of our significant investment in critical infrastruc- 
ture, and continue to have all the benefits of a robust GPS system. 

LIGHTSQUARED AND GPS— THE FACTS 

For the last decade, LightSquared has planned to deploy a terrestrial network, 
and worked with the GPS community to make sure its network would not interfere 
with GPS. 

LightSquared’ s Service Has Been Expected for Almost 10 Years 

• In 2001, LightSquared proposed using satellite spectrum for a fully-capable 
ground network. In 2002, after discussions with the GPS industry representa- 
tives, LightSquared agreed (http: 1 1 fjallfoss.fec.gov /ecifs /document / 
view?id=6513283601) to curtail any portion of its signal that crossed into GPS 
frequencies. This agreement imposed restrictions that were 1,000 times stricter 
than what the FCC rules eventually required, http: II edocket.access.gpo.gov / 
cfr^201 0 / octqtr / pdf ! 47cfr25.253.pdf . 

• In 2003, the FCC adopted initial rules allowing LightSquared’s ground network 
to operate near GPS. http:/ 1 hraunfoss.fec.gov I edocs -public I attachmatch/FCC- 
03-15Al.pdf. These rules were adopted after a full review by DoD, FAA and all 
other interested government agencies. As the FCC said recently, “extensive ter- 
restrial operations have been anticipated in [LightSquared’s spectrum band] for 
at least 8 years.” FCC MSS Flexibility Order, § 27 (Apr. 6, 2011). http:! I 
hraunfoss.fce.gov I edoes -public / attachmatch IFCC-ll-57Al.pdf. 

The GPS Industry Understood the Scope of LightSquared’s Network 

• When the rules were first written in 2003, the FCC had an explicit limit in the 
technical characteristics as to the number of base stations LightSquared could 
build — 1,750 per 200 KHz channel, which, when applied to the company’s net- 
work, would equal a little over 10,000 base stations. ATC Report and Order, 
FCC 03-15, at §§ 144-47 (February 10, 2003). http: ! lhraunfoss.fcc.gov ! 
edocs -public I attachmatch / FCC-03-15Al.pdf. 

• In 2003, the U.S. GPS Industry Council (“USGIC”) stated that the restrictions 
of the 2002 agreement were necessary to protect GPS against “[t]he increased 
user density from potentially millions of MSS mobile terminals operating in 
ATC mode . . . [and] potentially tens of thousands of ATC wireless base stations.” 
Reply Comments of USGIC, IB Docket No. 01-185, at 2 (Sept. 4, 2003) (empha- 
sis added), http:! I fjallfoss.fce.gov /eefs /document I view?id=6515082621. 

• In 2004, the USGIC supported the LightSquared application for authority to op- 
erate a ground network under the 2003 rules, stating that the 2002 agreement 
was “intended to protect GPS receivers and at the same time allow 
[LightSquared] to maximize the utility of its ATC [ground network] service to 
its users.” Letter from USGIC to FCC (Mar. 24, 2004). http: ! I licensing.fcc.gov ! 
myibfs / download, do (attachment - key =366878. 

• In 2005, the FCC removed all limits on the number of base stations 

LightSquared could build and increased their permissible power to 1.6 kw, the 
level at which LightSquared now plans to operate. ATC Order on Reconsider- 
ation, FCC 05-30, at §§ 48-50, 53 (February 25, 2005). http:! I 

hraunfoss.fcc.gov I edocs -public / attachmatch I FCC-05-30Al.pdf Again, this deci- 
sion was reviewed by all interested government agencies and was not chal- 
lenged by USGIC. 
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• Beginning in 2006 and continuing to 2010, LightSquared disclosed its intent to 
build a wireless network using tens of thousands of base stations in its annual 
filings with the SEC http: j ! www.sec.gov ! Archives ! edgar ! data ! 756502 ! 
000119312506067030 ! dl0k.htm and http:! / www.sec.gov I Archives I edgar I data I 
756502l000119312510041110ldl0k.htm. 

The GPS Industry Knew About Lightsquared’s 
Planned Power Levels and Did Not Object 

• In 2009, LightSquared asked the FCC to increase the power levels of its base 
stations by approximately 10 times to 15 kw, to match the power levels at 
which other wireless networks are permitted to operate, http:! Hicens- 
ing.fcc.gov / myibfs / download, do ^attachment _ key=- 164606. 

• USGIC did not object to even those higher power levels. It objected only to the 

possibility of interference into the GPS band from low-power indoor femtocells, 
an objection it withdrew {http:! Ilicensing.fcc.gov ! myibfs! 

download.do?attachment -key=738501) in August 2009 after reaching agreement 
with LightSquared. http: i llicensing.fcc.gov ! myibfs i 

download.do?attachment -key=731265. 

• In March 2010, the FCC approved LightSquared’s increased power levels. 
http:! I hraunfoss.fcc.gov I edocs -public / attachmatch I DA-10-534Al.pdf . As with 
all previous FCC proceedings, the order was issued after a public proceeding 
and was fully coordinated with all interested Federal Government agencies. 
Neither GPSIC, nor any other party, filed for reconsideration or review of this 
order. 

• Also in March 2010, the FCC required LightSquared to build a ground network 
reaching 260 million people hy the end of 2015. http: ii hraunfoss.fcc.gov i 
edocs-publiclattachmatchlDA-10-535Al.pdf. Neither GPSIC, nor any other 
party, filed for reconsideration or review of this requirement. 

LightSquared Is Doing Everything It Can to Work With GPS 
to Address Issues Raised Only a Few Months Ago 

• In September 2010, USGIC raised for the first time (http: ii fjallfoss.fcc.gov i 
ecfs I document I view?id=7020912452) — in a general mobile satellite proceeding — 
the possibility that some GPS receivers may he subject to interference because 
they can be overpowered by signals transmitted by LightSquared inside the 
spectrum the FCC licensed to LightSquared. 

• In November 2010, LightSquared applied (http: j llicensing.fcc.gov i myibfs i 
download.do! attachment -key =852869) to allow devices onto its ground network 
that do not also communicate with its satellite. This application did not change 
the power, number, deployment or any other technical characteristic of 
Lightsquared’s base stations. USGIC raised the same objection it raised in Sep- 
tember./ittp; / / licensing.fcc.gov j myibfs i download.do ^attachment - key =854 795. 

• Although the interference issue was irrelevant to this application, 
LightSquared, in January 2011, proposed a rigorous program of testing to deter- 
mine the extent of the susceptibility of GPS receivers to LightSquared’s trans- 
missions, which the FCC made a condition of granting LightSquared’s applica- 
tion on Jan. 26, 2011. http: ii hraunfoss.fcc.gov i edocs -public! attachmatch! DA- 
ll-133Al.pdf 

• The FCC validated the GPS testing process in April 2011 by unanimous Com- 
mission vote, noting USGIC’s September 2010 comments and the cooperative 
testing program, and stating that “responsibility for protecting services rests 
not only on new entrants but also on incumbent users themselves, who must 
use receivers that reasonably discriminate against reception of signals outside 
their allocated spectrum.” FCC MSS Flexibility Order, § 27 (Apr. 6, 2011). 
http:! ! hraunfoss.fcc.gov ! edocs -public ! attachmatch ! FCC-ll-57AI.pdf . 
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The Two Sides of the Equation: Transmitters and Receivers 


The power emitted by an FCC licensee is generally allowed to fall off at a gradual rate into 
an adjacent band - this is known as Out of Band Emissions. 


1525 1559 1610 

In 2003. LightSquared reached agreement with the US GPS Industry Council to severely limit 
LightSquared’s Out of Band Emissions into the GPS band (to -100 dBW/MHz). 


1555.2 
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The characteristics of the receivers operating in the adjacent band are critical as well. If receivers 
are not designed with proper filtration that prevents them from looking into an adjacent band, 
receivers can become overloaded by the higher power adjacent band signal. 


Images are for illustration and are not drawn to scale 
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Operational and Design Solutions for GPS Devices 
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Meeting Overview 

• LightSquared’s Proposal to Further Ensure Operational Compatibility 

• Evaluation based on TWG Test Results 

• Filter Technology for High Precision and All GPS Devices 
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Additional LightSquared Commitments 

Limit the Power-on-the-ground 

• Sites will be deployed to result in no more than -30dBm at points on the ground 

• -27 dBm after January 1 , 201 5 

• -24 dBm after January 1, 2017 

Provide long-term, stable satellite signal for MSS-provided GPS 
augmentation link at frequency near top of the MSS Downlink Band 

• 1555-1559 MHz 
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LightSquared Commitment to On- 
Ground Power Levels 


Measurements will be performed at distances starling 50 m from the base of the antenna or at the 
closest practical point 

Log measurements will be taken with calibrated equipment, in a suitably equipped vehicle, with a 
roof-mounted antenna, and include locations up to 500 m from the base of the tower. Up to 5,000 
power samples will be collected and recorded per base station drive route. The vehicle will have 
the ability to measure its own position and correlate it with the measured power samples. 

Once the point of highest power has been determined, a minimum of 10 measurement samples 
will be taken within a 10 meter x 10 meter area approximately centered on that point. The power 
values will be averaged in dB units to yield the measure of the maximum power. 

The power shall be measured with a reference antenna of calibrated 3D gain pattern, meeting the 
following requirements: 

• Measurement Bandwidth: 10MHz centered at 1531 MHz 

• Antenna Polarization; RHCP 

The power reported shall be referenced to an isotropic antenna (0 dBi gain). Suitable gain 
corrections shall be applied, considering the elevation angle from the measurement point to the 
radiation center of the base station and antenna cable losses. 

LightSquared will take immediate corrective action if it is determined that these power level 
commitments are exceeded, when measured as per the conditions below; such actions might 
include reducing power or modifying antenna downtilt. 
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General Location and Navigation Receivers 

Test Results for Lower 10MHz 


General Location Navigation Receivers at IdB C/No 
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Cellular Receivers 

Test Results for Lower 10MHz 

Max. Tolerable LightSquared Signal Level: Uniform SV Level at -135dBm (2.4.1.3-135/2.4.2.3- 
135) ■ . 
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Cellular Receivers 

Test Results for Lower 10MHz 

Cumulative Distribution of All Devices Passing at Each Level for 30m Tower: EIRP=62 dBm, 
Gant GPS=-5dBi 



LightSquared Measured Signal Strength at Receiver (dBm) 



Low lOMHi ATC power at OdEi antenna 
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Timing Receivers 

Test Results for Lower 10MHz 
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Timing Receivers 

GPS Timing Receiver Findings, Results 

• 8 of 12 were insusceptible up to the limit of the test system (-15 dBm) 
using 1 dB C/No degradation criteria; 11 of 12 were insusceptible at 
levels up to -27 dBm 

• One device susceptible at -39 dBm 

• PCTEL antenna filter offers more than 60dB rejection at 1536MHz 

• Enables all external-antenna receivers with susceptibilities as low as 
-60dBm to work at LightSquared collocated sites 
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Timing Receivers 

PCTEU speoficatons Sheet tor model GPS-TMG-HR-26N 


Mitigation Solution 

• Commercial solutions available from 
PCTEL and Panasonic 

• Many in service 

• PCTEL Antennas were successfully 
utilized by Sprint, Verizon and Cleanwire 
during the Las Vegas TWG field test 

• Works with all narrowband timing 
receivers configured with separate, 
external antenna 


CPS Timing Reference Antennat 


GPS-TMG-HR-26IJ. 26 dB Internal Amplifier 
With EnharKed Harrow Band Filtering 
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Solutions for High Precision Devices 

Legacy Precision Receivers 

• 10 of 38 precision receivers tested appear compatible at Lower 10MHz, -30dBm power 
on the ground managed 

• Lower 10 MHz operation is compatible with WAAS augmentation as well 
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Precision GPS Test Results 


• TWG testing used a combination of Construction/Ag and Survey receivers 

• 43 tested, 38 disclosed Lower 10MHz tracking results; 1 dB C/No degradation impact 
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Additional Precision Compatibility Measures 


Roadmap to retrofit or upgraded new-build receivers 

• Development of universal GPS filter solution (next) 

• Performance requirements and theoretical limits 

• Operates exclusively on Receiver front-end for fastest updates, feasible 
retrofits (where packaging permits) 

• Objective: Commercial feasibility, not optimization of individual receiver 
products 

• Commercial relationships with two receiver suppliers started; one major solid 
state filter supplier 

• Address future MSS-augmentation service needs and solution (later) 
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Solid State Filter Technology 

Specifications Realistic fronn Latest Sinnulation by Avago 
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Maximum group delay 
variation over temperature 
range and make tolerance is 
7ns 

Model this with 8-pole 
Butterworth BW/2=21MHz 
with 11.6ns group delay 
distortion at 15MHz 


The simulations piovided express capability of the Avago FBAR filtering process. There is no 
intention to imply existence of a product or future existence of a product. 
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Initial Estimate of Group Delay Performance 

Evaluate Impact of Group Delay on Code Phase Performance 

Probabilityofcorrect detectionfor-i-/* of a chip 



Group delay was evaluated for comparable filter performance initially for 1/8"’ of a P-Code chip (10 MHz P-Code was a 
random ensemble pattern in order to test ail possible symbol states) 


These curves represent a detector with a lOOusecond integration time. (ImSecor 10 mSec integration times will have 
same probability of correct detection thresholds 10dB, 20 dB below these ojrves.) 


For purposes of initially estimating tolerable group delay distortion performance, up to 11 -6ns can be tolerated which 
represents a 5 MHz temperature and make tolerance. Avago claims a total of 7nSec make and temperature distortion. 
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Conclusions 

Technical conclusions 

• Group delay distortion within normal ranges does not affect probability of 
detection for (resolutions of 1/8‘^' of a chip or iessj 

• The FBAR filter model of a Filter BW/2 =21 MHz for an 8 pole Butterworth 
indicate that the group delay of this filter is tolerable for detection and 
carrier phase. 

• The FBAR model using a 16MHz filter may also be tolerable. 

• A possible group delay distortion limit based on correlation is 1 1 .6ns 

Key Take away 

• Can meet requirements using a front-end RF 
modification. 

• Filter technologies exist to protect wideband GPS receivers 
from LightSquared LTE signals in the 1 526-1 536MHz band 
is realizable without compensation techniques 
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Program to Develop Compatible Solution 

• Objectives: Confirm commercial/technicai feasibiiities, encourage fuli industry 
participation, common fiiter technoiogy to expioit economies and reduce 
cross-industry R&D efforts 

• This effort inciudes both GPS and MSS front end stages 

• Leads to cross-company participation by GPS receiver suppliers 

• Commercial relationships with two receiver suppliers started; one major solid 
state filter supplier 
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Solutions for Precision Receivers 

L Band MSS Augmentation - Legacy Situation 

• Legacy receivers expect MSS augmentation signals anywhere in the MSS downlink band: 
1525- 1559 MHz 

• Thus current rationale to make a very wideband receiver front end, primarily to receive a 
relatively few set of narrowband augmentation signals over a swath of 34MHz spectrum, 

• These characteristics make L Band augmented precision GPS receivers incompatible with 
LTE carrier signals if left as-is. 

• A new reference design addresses LTE presence, while remaining backward compatible 
with present, common front end architecture. 
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Solutions for Precision Receivers 

L Band MSS augmentation service solution 

• #1 : Shifting augmentation signals to a common part of MSS band, 
between 1 555-1 559MHz 

• #2: Retains compatibility with common front end for Inmarsat and 
LightSquared frequencies. 
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Solutions for Precision Receivers 

L Band MSS augmentation service solution (con’t.) 

• #3: Filter MSS signal separately after suitable LNA and LTE-rejecting 
preselection filtering stage 

• #4: Offer stable, long term commitment on MSS augmentation signal 
availability 


New design addresses both GPS/LTE compatibility and 
Present/Future L Band Augmentation Delivery 

Front end filter will have a lower (less than 1 dB) 
insertion loss, higher rejection (more than 40 dB) at 
LTE frequencies, and acceptable pass band group 
delay variation. 

As shown in figure 1 , the design will provide 
adequate rejection of 1526-1536 MHz ground 
stations . 



ocnocnocno<Jiocriocnocnocnocn 

freq, GHz 
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Chairman Hall. Thank you, sir, and at this time we recognize 
Dr. Pace. 


STATEMENT OF DR. SCOTT PACE, 

DIRECTOR, SPACE POLICY INSTITUTE, 

GEORGE WASHINGTON UNIVERSITY 

Dr. Pace. Thank you, Mr. Chairman. Wonderful opportunity 
today, and I appreciate the Committee’s interest in this. 

Other witnesses have ably described the importance of GPS sig- 
nals to their agencies and scientific users, and as is fairly clear, sci- 
entific users tend to be the most demanding, seeking the most pre- 
cision and accuracy possible. The highest precision GPS receivers 
are designed to receive not only the full range of radio-navigation 
satellite signals, including GPS, but also the mobile satellite serv- 
ice signals in the adjacent bands that you have heard about that 
carry wide area differential correction from commercial providers, 
and in many cases the reception of those signals is part of a con- 
tractual requirement. 

It is important to understand that GPS is not a communication 
service. It is a navigation service. It requires precision-timed meas- 
urements, not just the reception of ones and zeros, and that preci- 
sion time is what results in precision position. The evolution of 
these high-precision capabilities has been made possible because of 
carefully considered past spectrum management decisions to use 
this particular spectrum neighborhood for satellite services, not ter- 
restrial ones. 

In addition to the federal science agencies you have heard from, 
the university-scientific community is also concerned with this 
issue. In Januaiy of this year the CEO of the University Space Re- 
search Association, comprising 105 Ph.D. granting universities, 
wrote that USRA member universities are engaged in research in 
all aspects of GPS use and testing. All of these have the potential 
to be adversely affected by the LightSquared proposal unless rig- 
orous measures are implemented to mitigate interference of the re- 
ception of GPS signals. 

The Technical Working Group final report, showed GPS inter- 
ference. The TWG rightly used multiple approaches to characterize 
the interference. There were paper calculations, along with testing 
in controlled environments such as anechoic chambers, and finally, 
realistic operational scenarios were defined for specific categories of 
users as well as live sky field tests were conducted on government- 
controlled ranges. 

Virtually all tests, the precision receivers, those used by sci- 
entists and deployed in networks around the world, were harmfully 
impacted. The GPS community concluded that 31 of 33 high-preci- 
sion receivers tested were significantly affected. We can talk about 
the other two. 

There is no viable or verifiable technological solution that has 
been identified to date that would allow a ground-based broadband 
communication network to operate in close proximity to GPS sig- 
nals. This is why the band has for decades been intentionally allo- 
cated for space services. Even if some new as yet unforeseen tech- 
nology did appear, the industrial, commercial, and public sector 
users of GPS equipment routinely take up to 15 years to complete 
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a normal replacement cycle; software cycles can be fast, but hard- 
ware takes longer. 

GPS is arguably the most efficient use of spectrum the world has 
ever seen. Almost a billion people are currently benefiting from to- 
day’s signal, and this use represents a massive installed base and 
source of advantage for the United States of which international 
scientific cooperation is but one part. 

If LightSquared were deployed in a way that caused harmful in- 
terference with GPS, a major beneficiary as you have heard, would 
likely be the Russian GLONASS System as its operating fre- 
quencies are farther away from LightSquared base-station fre- 
quencies. I should add that GALILEO and COMPASS probably 
would be equally harmed because they share frequencies similar to 
GPS. 

Now, there are competing national policy objectives that need to 
be reconciled. On June 28 the Administration released two major 
policy statements. The first was aimed at expanding spectrum for 
wireless broadband use; a memorandum from the President called 
for collaboration between the FCC and the National Telecommuni- 
cations and Information Administration to make available a total 
of 500 megahertz of federal and non-federal spectrum over the next 
10 years. 

However, the memorandum cautioned that agencies were to 
quote, “take into account the need to ensure no loss of critical, ex- 
isting, and planned federal, state, local, and tribal government ca- 
pabilities.” 

On the very same day the White House also released a National 
Space Policy that specifically referred to GPS as a form of space- 
based position, navigation, and timing, and in this policy the Presi- 
dent said, “The United States must maintain its leadership in the 
service, provision, and use of global navigation satellite systems.” 
More specifically, this required, “the protection of radio navigation 
spectrum from disruption and interference.” 

In my judgment the safest and most fact-based course of action 
on the data we have to date is to conclude that the terms of the 
LightSquared conditional waiver have not been met and to with- 
draw the LightSquared license to deploy a terrestrial network in 
the 1525 to 1559 megahertz band. It is the only approach fully con- 
sistent with the terms of both the National Space Policy and the 
broadband memorandum, and I would argue the FCC’s own regula- 
tions. 

The last 20 years have seen continuous innovation in the ability 
to use GPS for measurements of the Earth, the atmosphere, and 
the biosphere via precise positioning, navigation, and timing. If the 
LightSquared terrestrial network is allowed to operate as proposed, 
it would create new, additional, and as of yet unforeseen costs for 
federal science agencies as well as state and local governments who 
rely on high-precision GPS-derived data. It would mark a perma- 
nent decline in the capabilities that GPS has afforded scientific ap- 
plication in the United States. Such operations would be contrary 
to the technical facts established by independent testing. They 
would improperly place burdens on the victim service, in this case 
GPS. They would undermine the international credibility of the 
United States as built for GPS and would be contrary to the Na- 
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tional Space Policy and the terms of the President’s own broadband 
initiative. 

Thank you for your attention, and I would be happy to answer 
any questions you might have. 

[The prepared statement of Dr. Pace follows:] 

Prepared Statement of Dr. Scott Pace, 

Director, Space Policy Institute, 

George Washington University 

Thank you, Mr. Chairman, and thanks to this Committee, for providing an oppor- 
tunity to discuss this important topic. The subject of today’s hearing is a complex 
one that involves not just federal science activities, but national security, public 
safety, foreign policy, and the health of economic sectors from agriculture to infor- 
mation technology. 

Specifically, the Committee has asked that witnesses address the impact of the 
proposed LightSquared mobile terrestrial commercial communications network on 
federal science agencies and to discuss the recent report of the FCC-mandated tech- 
nical working group that was tasked to examine radiofrequency interference with 
GPS as well as possible mitigation strategies. The technical evidence gathered to 
date clearly shows that the LightSquared network poses an unacceptable inter- 
ference threat to all GPS users and especially high-precision scientific users of GPS. 

I have been involved with GPS issues for over 20 years, beginning with work at 
the U.S. Department of Commerce around the time of the first Gulf War. While at 
the RAND Corporation, I supported the Office of Science and Technology Policy dur- 
ing the creation of the first Presidential Decision Directive on GPS in 1996. I have 
also been involved in domestic and international conflicts over radio frequency spec- 
trum used by GPS for almost as long, including negotiations at the International 
Telecommunications Union and proceedings before the Federal Communications 
Commission. I am currently the Director of the Space Policy Institute at George 
Washington University and am speaking today purely in a personal capacity and 
my comments do not necessarily represent the views of any agency, organization or 
company. 

The LightSquared Network Represents a Major Change in Spectrum Use 

The most commonly used GPS signal, LI, is located in the spectrum band 1659- 
1610 MHz. This band is specifically “zoned” internationally for radionavigation sat- 
ellite services (RNSS) like GPS, the Russian GLONASS system, and the European 
Galileo system. On either side of the band are bands for mobile satellite services 
(MSS) at 1525-1559 MHz, below GPS, and at 1610-1660.5 MHz, above GPS. The 
key point is that the entire “neighborhood” is oriented to satellite services and such 
services require “quiet” spectrum as the powers of signals transmitted from space 
are many orders of magnitude weaker than those transmitted by typical terrestrial 
stations. There are major power differences between satellite services as well. The 
power of a MSS signal is much greater than that of signal coming from a GPS sat- 
ellite. Thus MSS and GPS signals operate in adjacent bands where their functions 
are compatible with each other but they do not operate in the same band since MSS 
signals would easily drown out the GPS signal.Figure 1 shows how proposed uses 
of the 1525-1559 MHz band next to GPS have evolved over the past 10 years. (At- 
tachment 1 provides a more detailed history of regulatory highlights.) 
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Figure I — Evolution of the MSS ATC Concept 

MSS services, such as those offered hy Inmarsat, have historically operated purely 
through satellites. This enables service over very wide regions or even the entire 
globe. However, there will be coverage gaps for areas either outside the satellite 
service area, or more commonly, when dense urban environments block the weak 
satellite signals. This led to interest in creating an ancillary terrestrial component 
(ATC) to the MSS service in which ground-based towers would “fill in” the coverage 
gaps and thus enable better service to a wider range of customers. The GPS commu- 
nity was concerned the deployment of terrestrial base stations would create inter- 
ference to the adjacent RNSS band. The U.S. GPS Industry Council negotiated with 
the proposed MSS ATC operator, then known as MSV, and reached a technical 
agreement on “out-of-band” emission limits to restrict any harmful spillover into the 
RNSS band. This agreement was also predicated on the requirement that the ATC 
would remain tied to satellites and that the need to avoid self-interference between 
the satellites and terrestrial components of the same company meant the MSS band 
would remain relatively quiet. This helped ensure compatibility with GPS users 
next door. 

The U.S. -licensed operator of MSS ATC in the L-band went through several own- 
ership changes, including the most recent transfer of license to what became 
LightSquared in March 2010. The essential operational situation remained un- 
changed until November 2010 when LightSquared requested relaxation of the “gat- 
ing requirement” which tied the ground-based ATC system to the satellite service. 
This would allow the terrestrial network to carry broadband services and the sat- 
ellites would now be effectively “ancillary” to the ground network as they are not 
capable of providing broadband level service. In effect, satellite spectrum would be 
“rezoned” to allow deployment of high-powered, terrestrial base stations in urban 
areas and across the country. This is the situation that the GPS community sought 
to avoid a decade ago. Unfortunately, the FCC granted a conditional waiver to 
LightSquared on January 26, 2011. The waiver was conditioned on the creation of 
an industry-led technical working group to examine the potential for interference to 
GPS and possible means of mitigation. 

Scientific and High-Precision GPS Users Depend on Large Bandwidths 

Other witnesses have ably described the importance of GPS signals to their agen- 
cies and scientific users. These users tend to be very demanding, seeking the most 
precision and accuracy possible. This in turn requires taking in the most informa- 
tion possible not only from GPS signals but other Global Navigation Satellite Sys- 
tems (GNSS) such as Galileo and using accuracy augmentation signals that are car- 
ried on MSS systems. Figure 2 shows the 2 MHz wide (pink) GPS signal used by 
common smart phones. The wider blue region shows the full RNSS band used by 
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more capable receivers, including those designed to receive signals from foreign 
GNSS systems as well as GPS. The green bars show the proposed upper (close to 
GPS) and lower (farther from GPS) channels for LightSquared’s 4G long-term evo- 
lution (LTE) service. 




GPS band and in many cases the full 
RNSS band - this is necessary for high 
precision measurement. 


Figure 2 - High Precision Receivers are Wideband Receivers 

Figure 3 shows the bandwidth of the highest precision GPS receivers. They are 
designed to receive not only the full range of RNSS signals, including GPS, but also 
MSS signals in the adjacent band that carry wide-area differential GPS corrections 
from commercial providers such as Starfire. Developed by John Deere and precision 
farming groups, a Starfire-capable receiver can produce centimeter-level position 
measurements. Powerful transmissions from LightSquared base stations would un- 
avoidably jam the reception of weaker MSS signals used by the high precision GPS 
receivers. Thus when talking about receiver bandwidths, it is not enough to receive 
just the GPS signal itself, but all the services used for precision positioning, naviga- 
tion, and timing. The evolution of high precision capabilities has been possible be- 
cause of carefully considered past spectrum management decisions to use this par- 
ticular neighborhood for satellite services, not terrestrial ones. 




In addition to the federal science agencies, the university scientific community is 
concerned with the LightSquared network. I serve on the board of the Universities 
Space Research Association, a non-profit organization of 105 Ph.D. -granting univer- 
sities conducting space and aeronautics-related research. In January of this year, 
prior to the FCC granting the requested waiver of the satellite requirement, the 
CFO of USRA wrote: 
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“ . . . USRA member universities are very engaged in research on all aspects of 
GPS use and testing. This includes development of the impending Federal Avia- 
tion Administration’s transition to a satellite based navigation system, known 
as NextGen . . . Satellite data used by universities involving GPS tracking and 
geodetic networks across the United States could also be impacted. These appli- 
cations range from global environmental monitoring, weather prediction, and 
earthquake monitoring to advanced concepts such as training for space systems 
engineers. All of these have the potential to be adversely affected by the 
LightSquared proposal unless rigorous measures are implemented to mitigate 
interference to the reception of GPS signals.” 

International Concerns 

While LightSquared is currently a domestic issue, it has attracted international 
notice and concern. The Japan GPS Council (JGPSC) is the non-profit association 
composed of the major firms and organizations of the civil GPS applications and 
users in Japan. On May 27, they provided a letter to the FCC docket stating: 

GPS receivers are properly desired to operate in the “satellite” neighborhood 
that exists in the domestic and international tables of frequency allocations in 
the 1525-1660.5 MHz range. There are no unaccounted-for high-power terres- 
trial signals anywhere in the world that pose the threat of harmful interference 
to GPS and other RNSS users. At least there were none until LightSquared’s 
new owners opportunistically decided to try to convert what has always been 
an ATC-enhanced satellite band into a new home for high-power terrestrial mo- 
bile broadband signals. The physics is clear; LightSquared cannot provide 4G 
LTE service in the satellite neighborhood without causing harmful interference. 

(The) U.S. and Japan have worked in close cooperation at the domestic level as 
well as in international fora to protect and preserve spectrum for GPS in order 
to safeguard national security applications as well as maintaining flexibility and 
opportunity for continued commercial innovation and critical public infrastruc- 
ture . . . 

Any threat to the integrity or availability of GPS in U.S. markets would under- 
mine and devalue the substantial investment that Japanese firms have made 
to serve users and customers in the U.S. Japanese firms provide products and 
equipment for high-precision applications to U.S. customers, . . . 

Any policy which would allow degradation of GPS service in the U.S. would also 
raise question as to the integrity of the stated U.S. commitment to maintain 
GPS as a stable and reliable global standard for positioning, navigation and 
timing. 

The European Commission expressed similar concerns in a July 19th letter to the 
ECC docket. This letter cited technical concerns raised by the European Space Agen- 
cy and concerns about impacts to Galileo, which is to be interoperable with GPS: 

The band immediately below 1559 MHz, allocated by the Radio Regulations to 
the mobile-satellite service (MSS), has been used for satellite-based trans- 
missions for many years and has proved to be broadly compatible with RNSS 
systems above 1559 MHz. The LightSquared proposal for a terrestrial network 
deployment in MSS spectrum would completely change the nature of radio 
transmissions in the band. 

Analysis carried out in Europe, including by our own technical partner the Eu- 
ropean Space Agency, has shown that transmissions from LightSquared base 
stations do indeed have considerable potential to cause harmful interference to 
Galileo receivers operating in the United States. Interference effects have been 
determined to occur in the range 100m to almost 1,000km, depending on the 
type of receiver being used. This obviously presents a grave threat to the viabil- 
ity of providing a Galileo service covering U.S. territory — a service which many 
studies have shown will not only benefit Galileo users, but those of GPS too as 
the two systems will be interoperable through a common signal design pro- 
viding significantly improved coverage and accuracy in urban environments. 

Europe and Japan are major international partners in every area of scientific co- 
operation. Harmful interference to GPS and other GNSS systems in the United 
States would undermine that cooperation. It would also undermine the long-stand- 
ing international commitment the United States has made to protection of RNSS 
spectrum, not just GPS, from harmful interference. This, in turn, calls into question 
the ability of the United States to be a leader at a time when other systems from 
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Europe, Japan, Russia, China, and India are being deployed. Ironically, if 
LightSquared were deployed in a way that caused harmful interference to GPS, a 
major beneficiary would likely be the Russian GLONASS system. Its operating fre- 
quencies are located farther away from the LightSquared base station frequencies. 
Damaging GPS and driving users to a Russian space system are not desirable out- 
comes for the United States. 

The Technical Working Group Final Report Shows GPS Interference 

The TWG Final Report documents issues associated with the interference threat 
to GPS receivers and GPS-dependent applications resulting from LightSquared’s 
proposal to deploy a high-power terrestrial broadband system in the 1525-1559 
MHz and 1626.5-1660.5 MHz bands on either side of the 1559-1610 MHz band used 
by GPS, GLONASS, and other satellite navigation systems. These bands were li- 
censed to LightSquared for mobile-satellite service and ancillary terrestrial compo- 
nent use, prior to the Bureau’s January 2011 decision to conditionally waive the sat- 
ellite “gating” requirement. 

The final report is over 1,000 pages long, and detailed summaries are available 
from the participating companies and government agency observers. LightSquared 
also participated in the testing and contributed to the final report. A key strength 
of the TWG report is that it used multiple approaches to characterizing interference. 
Paper calculations of potential interference were made, along with testing in con- 
trolled environments (e.g., anechoic chambers), and finally realistic operational sce- 
narios were defined for specific categories of users and “live sky” field tests were 
conducted on government-controlled ranges. This reflects a best practice for inter- 
ference studies when national security or public safety applications are at risk — no 
one approach is to be trusted but all are done to see if consistent results are 
achieved. 

Consistent results were achieved, supporting the expectations of early analytical 
estimates. Specifically, the planned LightSquared deployment would create harmful 
or significant interference for all categories of GPS receivers. There were three cat- 
egories of interference that were examined. The first was “out of band emissions” 
from LightSquared into the GPS band. The observed emissions were in compliance 
with MSS ATC limits set in 2005 and were not a source of harmful interference. 
The second was “receiver overload” or llreceiver desensitization” due to the power- 
ful terrestrial transmissions exceeding the GPS receiver’s normal tolerances with 
the MSS bands. The third was an effect known as “intermodulation” in which sepa- 
rate LightSquared signals interact to produce a composite signal in a different part 
of the spectrum. In this case, intermodulation products were observed on and near 
the center frequency of the primary GPS signal known as LI. 

Figure 4 shows a snapshot from testing conducted in New Mexico earlier this 
year. The two large peaks are the expected LightSquared terrestrial signals and the 
smaller peak to the right is the observed intermodulation effect that lies at the 
same location as the GPS LI signal. 
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Figure 4 - Screenshot of Third Order Intermodulation Effect at GPS LI 
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The operational impact of interference effects for scientific applications can be in- 
ferred from impacts to high precision receivers, networks of high precision receivers, 
and space applications. Virtually all tested precision receivers, those used by sci- 
entists and deployed in networks around the world, were harmfully impacted. In the 
TWG report, the GPS community concluded that 31 of 33 high precision receivers 
tested were significantly affected in the testing. This is an unavoidable and natural 
consequence of taking in as much of the GPS signal as possible using a wideband 
receiver. It is a natural consequence of accessing multiple radionavigation satellite 
systems that share the same RNSS band as GPS. Giving up access to the best GPS 
signals available or access to other RNSS satellite systems is not a solution for sci- 
entific users. 

In addition to direct effects on the receipt of GPS signals, the LightSquared sig- 
nals create co-channel interference to MSS signals in the 1525-1559 MHz band 
where they operate. This blocks the receipt of those signals by GPS receivers that 
use them to create “differential corrections” to augment the accuracy of the basic 
GPS receiver. The FCC has licensed commercial firms such as Starfire and 
OmniSTAR to provide augmentation services that scientific, agricultural, and other 
users rely on today across the country. 

Due to the large distances involved, GPS receivers used for navigation on space- 
craft may not suffer harmful interference from the LightSquared network. However, 
GPS receivers looking at the Earth would be affected. Such receivers are used to 
understand the ionosphere and atmosphere by looking at the behavior of the GPS 
signal as it passes through them. This enables great improvements to weather fore- 
casts, tracking hurricanes and typhoons, and establishing precise climate bench- 
marks to allow actual measurements of climate change. 

In addition to scientific research. State and local governments use high precision 
GPS for mapping, surveying and infrastructure maintenance. High precision data 
is used in Geographic Information Systems (GIS) for asset management, emergency 
preparedness, disaster response and E911 mapping, public sector water, wastewater 
and electric utilities, public works, environmental management, dam and structure 
monitoring, environmental health, insurance rating districts, flood zones, tax ap- 
praisals, the provision of geodetic control networks, and a host of other functions. 

The Government’s NPEF Report Is Consistent With TWG Report Results 

The National PNT Engineering Forum (NPEF) report contains the results of test- 
ing by federal agencies, including the science agencies, and had technical results 
consistent with those of the TWG effort. As with the TWG, multiple approaches 
were taken to ensure theoretical and experimental results agreed with each other. 
A summary of the TWG report is available from the National Coordination Office 
and in other testimony. I would like to therefore highlight the two recommendations 
made by the NPEF: 

• Recommendation i: LightSquared should not commence commercial services 
per its planned deployment for terrestrial operations in the 1525-1559 MHz 
Mobile-Satellite Service (MSS) Band due to harmful interference to GPS oper- 
ations. 

• Recommendation 2: The U.S. Government should conduct more thorough stud- 
ies on the operational, economic and safety impacts of operating the 
LightSquared Network, to include additional ATC signal configurations not cur- 
rently in LightSquared planned spectrum phases, effects on timing receivers, as 
well as transmissions from LightSquared handsets. As part of these studies the 
compatibility of ATC architectures in the MSS L-Band with GPS applications 
should be reassessed. 

The two recommendations underscore the infeasibility of operating the 
LightSquared network as proposed without harmful interference to GPS. The rec- 
ommendations also note areas where testing was incomplete, raising deeper ques- 
tions about the feasibility of operating even previously approved MSS ATC networks 
in the band, never mind a broadband terrestrial network. The MSS ATC networks 
approved earlier had never been deployed and realistic equipment was not available 
to verify the regulatory limits truly prevented harm to GPS. Given the discovery of 
intermodulation products, a reexamination of the feasibility of “traditional” ATC 
would be prudent. 

LightSquared’s Proposed Solution Is Not Sufficient 

LightSquared has proposed to change the order in which they would deploy the 
same frequencies in the band adjacent to GPS. There are two channels of spectrum 



84 


in the band adjacent to GPS, which they originally planned to deploy in a certain 
order. They now propose to suspend, for what is implied to be a short time, use of 
the upper 10 MHz channel and begin with the lower 10 MHz channel. This would 
potentially result in impacting high precision scientific users first and other users, 
such as aviation, later. 

The company has also proposed reducing the power of the terrestrial base stations 
by 50% from allowable levels. Unfortunately, that does not help, as cell site trans- 
mitter providers do not even supply equipment at the very high 15.8-kilowatt level 
the FCC proposes to allow. All testing was done with equipment that was available, 
that is, at roughly 10% of the maximum allowable level. 

Even if it was considered acceptable to sacrifice high precision GPS users, the 
“lower 10 MHz” approach could be solution only if it was a complete solution. Unfor- 
tunately, it is not. LightSquared has been consistently clear that a commercially 
viable network would require more spectrum, preferably close to where they would 
already be operating. 

Deployment in the lower block alone has not been concluded to be compatible with 
GPS and would likely require around 15 years prior to commencement for new tech- 
nology to be developed and existing user equipment to be replaced. However, with- 
out a permanent restriction on use of additional spectrum for terrestrial operations 
in other parts of the band, this approach merely shifts the burden of mitigation to 
the existing GPS users. 

Section 25.255 of the FCC’s rules makes the obligation of resolving harmful inter- 
ference to other services that is caused by MSS ATC operations the sole responsi- 
bility of the ATC operator. ^ Nominally, at least, even under the LightSquared order, 
LightSquared is still an ATC operator subject to Section 25.255. It cannot require 
authorized users of another service to take measures — especially measures deemed 
infeasible or inappropriate by a substantial majority of the TWG — to mitigate the 
harmful interference. This obligation is LightSquared’s alone. 

There is no viable or verifiable technological solution that has been identified to 
date that would allow a ground-based broadband communications network to oper- 
ate in close proximity to GPS signals. This is in part why the band has, for decades, 
been internationally allocated for space services. Even if some new, as yet unfore- 
seen, technology did appear, the industrial, commercial and public sector users of 
GPS equipment routinely take up to 15 years to complete a normal replacement 
cycle. Equipment installed on aircraft, vessels, agricultural, construction and mining 
machinery, commercial vehicles or high-cost professional instruments used today are 
not thrown away after a few years of use — their lifetimes are measured in decades. 

There is one possible solution available today that I am aware of. LightSquared 
could operate the satellite part of its network, serving rural and public safety users 
outside of cellular coverage areas, in the L-band adjacent to GPS while developing 
its new high-powered terrestrial portion of its network in a different band, where 
it would be compatible with adjacent uses. Possible locations include the S-Band 
(above 2 GHz) or the 700 MHz bands already allocated to terrestrial 4G wireless 
services. The MSS satellite part of the LightSquared network is compatible with 
neighboring GPS uses and thus can coexist with all GPS services, applications and 
existing user equipment. The terrestrial component of the LightSquared network 
has not yet been built; therefore it is at least technically feasible to move to a dif- 
ferent band from the outset, thus avoiding large scale disruption to GPS users 
across the United States. 

Competing National Policy Objectives Need To Be Reconciled 

On June 28, 2010, the Administration released two major policy statements. The 
first was aimed at expanding spectrum for wireless broadband use. ^ The Memo- 
randum from the President called for collaboration between the FCC and the Na- 
tional Telecommunications and Information Administration to “make available a 
total of 500 MHz of Federal and nonfederal spectrum over the next 10 years, suit- 
able for both mobile and fixed wireless broadband use.” However, the Memorandum 
cautioned that agencies were to “take into account the need to ensure no loss of crit- 
ical existing and planned Federal, State, local, and tribal government capabilities 

”3 

On the same day, the White House also released a new National Space Policy that 
specifically referred to GPS as a form of space-based positioning, navigation, and 


1 47 C.F.R. § 25.255. 

2 The White House, “Unleashing the Wireless Broadband Revolution,” Office of the Press Sec- 
retary, June 28, 2010. 

3 op cit. 
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timing. 4 In the policy, the President said, “The United States must maintain its 
leadership in the service, provision, and use of global navigation satellite systems.” 
More specifically, this required the “Protection of radionavigation spectrum from 
disruption and interference.” 

Considering the objectives of both policies, there seem to be four options for con- 
sideration by the FCC, Administration and Congress: 

• 1. Accept the most recent LightSquared proposal to begin deployment in the 
lower 10 MHz of the 1525-1569 MHz band. Additional testing to define mitiga- 
tion measures should be required as a condition of approval. 

• 2. Rescind the LightSquared waiver and bar commercial operations even in the 
lower 10 MHz pending completion of further testing and demonstration of spe- 
cific mitigation measures by LightSquared to preclude harmful interference to 
GPS. 

• 3. Assist LightSquared in finding alternative spectrum for its terrestrial net- 
work outside the L-band. The FCC would have to explore legal and regulatory 
challenges in aiding such as move that may or may not be economically feasible 
for the company. 

• 4. Conclude that the terms of the LightSquared conditional waiver have not 
been met and withdraw LightSquared license to deploy a terrestrial network in 
the 1525-1559 MHz band. 

In my judgment, the safest and most fact-based course of action is number 4. It 
is the only approach fully consistent with the terms of both the National Space Pol- 
icy and the Broadband Memorandum as well as the FCC’s own regulations. 

Conclusion 

It is sometimes argued that accommodations by legacy systems need to be made 
to enable new uses of spectrum and that doing so enables more efficient use of a 
scarce, natural resource. When it comes to spectrum efficiency, GPS is arguably the 
most efficient use of spectrum the world has ever seen; almost a billion people are 
currently benefitting from the 20 MHz GPS signal that is available today. In fact 
the entire global population could use GPS without any additional spectrum being 
used. This use represents a massive installed base and source of advantage for the 
United States, of which international scientific cooperation is but one part. Most im- 
portantly, it represents a high degree of trust and confidence in the United States 
and its stewardship of GPS. 

If allowed to operate in either its original or modified form, the LightSquared ter- 
restrial network would create unacceptable harmful interference to GPS users and 
high precision scientific users in particular. Such operations would be contrary to 
the technical facts established by independent testing; they would improperly place 
burdens on the victim service, in this case GPS, undermine the international credi- 
bility the United States has built for GPS, and would be contrary the National 
Space Policy and the terms of the President’s own broadband initiative. 

The last 20 years have seen continuous improvement in the ability to use GPS 
for measurements of the Earth, the atmosphere, and the biosphere via precise posi- 
tioning, navigation, and timing. If the LightSquared terrestrial network is allowed 
to operate as proposed, it will mark a permanent decline in the beneficial capabili- 
ties GPS has afforded scientific users in the United States. It would create new, ad- 
ditional, and unforeseen, costs for federal science agencies as well as State and local 
governments who rely on high precision GPS-derived data. 

Thank you for your attention. I would be happy to answer any questions you 
might have. 

ATTACHMENT 1— HISTORICAL NOTES ON MSS ATC AT L-BAND 

August 17, 2001: Notice of Proposed Rulemaking (NPRM) on MSS ATC Re- 
leased 

• Based on applications of ICO and Motient MSS systems 

• Included consideration of out-of-band emission limits to protect GPS 

July 25, 2002, Agreement Between MSV and U.S. GPS Industry Council 

• Parties reach agreement on a — 100 dBW/MHz limit for MSS ATC base stations 
in order to protect GPS/RNSS in the 1559-1610 MHz band. 


^ The White House, “National Space Policy,” Office of the Press Secretary, June 28, 2010. 
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• Predicated on the assumption that ATC use remained tied to satellites and that 
the service would be relatively low-density fill-in. 

February 10, 2003; First Report and Order and NPRM on MSS ATC Re- 
leased 

• FCC makes clear that MSS ATC is to augment satellite service: 

Para. 1: “We do not intend, nor will we permit, the terrestrial component to be- 
come a stand-alone service.” 

Footnote 5: “While it is impossible to anticipate or ima^ne every possible way 
in which it might be possible to ‘game’ our rules by providing ATC without also 
simultaneously providing MSS and while we do not expect our licensees to 
make such attempts, we do not intend to allow such ‘gaming.’ For example, even 
if an MSS licensee were to enter an agreement to lease some or all of the access 
to its authorized MSS spectrum to a terrestrial licensee such spectrum could 
only be used if its usage met the requirements to ensure it remained ancillary 
to MSS and were used in conjunction with MSS operations, i.e., that it met all 
of our gating requirements. The purpose of our grant of ATC authority is to pro- 
vide satellite licensees flexibility in providing satellite services that will benefit 
consumers, not to allow licensees to profit by selling access to their spectrum 
for a terrestrial-only service.” 

• Adopts “Gating Criteria” (FCC Part 25.149(b)(4)) to limit terrestrial deployment 
to that which is ancillary to the satellite component of the network. Effectively 
prohibits ATC-only or stand-alone terrestrial services. 

• Declined to adopt limits on emissions into the RNSS band (1559-1610 MHz) 
more stringent than GMPCS rules (-70 dBW/MHz) for BS and METs and men- 
tioned possible rulemaking on GPS protection in a future proceeding. 

• Number of base stations limited to 1725. 

• EIRP limited to 14.1 dBW (AE6 25 watts) towards the horizon and maximum 
EIRP of 23.9 dBW (AE6245 watts) per sector (derived from limit on per-carrier 
EIRP of 19.1 dBW and the number of carriers per sector limited to three). 

November 8, 2004: MSV Order and Authorization Released 

• MSV commits to meeting a — 100 dBW/MHz limit in 1559-1610 MHz RNSS 
band, which FCC imposes as a condition of the authorization (noting these lim- 
its are more stringent than FCC rules require). 

• Limit of 1725 base stations increased to 2415. 

• Gating criteria in 25.149(b)(4) retained.retaining the prohibition against stand- 
alone terrestrial services. 

• Overhead gain suppression releixed to permit base-station antenna gain of up 
to 27 dB below the maximum directional gain in vertical angles from 30.5 to 
55.5 and up to 30 dB below the maximum directional gain in vertical angles 
from 55.5 to 145.5, as requested.” 

• Aggregate EIRP increased (subject to some restrictions) to 26.9 dBW toward the 
physical horizon and 31.9 dBW in other directions. 

February 25, 2005: Memorandum Opinion and Order (MO&O) Released 

• Limit on number of base stations eliminated in favor of delta T/T limit of 6% 
to protect Inmarsat MSS in the L-band. 

• Aggregate EIRP increased by rule (beyond just waiver granted to MSV) to 31.9 
dBW (AE61550 watts) generally and 26.9 dBW (AE6490 watts) per base station 
sector toward the horizon, representing an 8 dB increase over the previous 
power limits that apply when three carriers are used within an antenna sector. 

• Gating criteria in 25.149(b)(4) retained.retaining the prohibition against stand- 
alone terrestrial services. 

• No L-band MSS ATC network or equipment deployed. 

Note'. Order includes extensive testing and analysis of Inmarsat terminals and in- 
terference from MSV ATC network. 

December 21, 2007: Inmarsat-MSV Spectrum Sharing Agreement 

• According to Satellite Today (January 2008): The agreement was defined in two 
phases. Phase one, from December 2007 to September 2011, gives the compa- 
nies an 18- to 30-month period to transition to the modified band plan, includ- 
ing “modification of certain of Inmarsat’s network and end user devices and a 
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shift in frequencies between the MSV parties and Inmarsat,” according to the 
U.S. Securities and Exchange Commission report. MSV will be allocated 28 
MHz of L-band spectrum and will pay Inmarsat $250 million in cash and $87.5 
million in equity for additional spectrum. During phase two, from January 2010 
to January 2013, Inmarsat will be able to modify the amount of spectrum it 
uses over North America and make that bandwidth available to MSV for rental 
use. MSV will pay $115 million for this additional spectrum. 

• No L-band MSS ATC network or equipment yet deployed. 

March 26, 2010: FCC Issues Order on Harbinger Aequisition of SkyTerra 

• Relevant Milestones: 

March 27, 2009: Harbinger begins acquisition of SkyTerra with filing to FCC 
for transfer and control of SkyTerra to Harbinger Capital Partners, Ltd. 
November 24, 2009: FCC issues Protective Order allowing submissions by Har- 
binger and SkyTerra to be handled as proprietary and confidential material 
upon request. 

February 26, 2010: Harbinger submits information on its business model, in- 
cluding the planned build-out of an extensive terrestrial network, and requests 
it be treated as proprietary and confidential information as allowed by the Pro- 
tective Order. The new business model (including the proposed building of an 
extensive terrestrial network) is not coordinated with the IRAC and Federal 
agencies. 

March 26, 2010: FCC issues a Memorandum Opinion and Order and Declara- 
tory Ruling finalizing the acquisition of SkyTerra (to be renamed LightSquared) 
by Harbinger. 

March 26, 2010: Harbinger files a letter with the FCC on the same day the Har- 
binger Order is released, making available information on its business plans 
(including the building of an extensive terrestrial network) that was filed under 
a request for confidential treatment on February 26, 2010. 

April 1, 2010: Verizon files Petition for Partial Reconsideration of the Harbinger 
Order, alleging various process fouls and irregularities in the proceeding (be- 
lieved to be still pending) 

April 2, 2010: AT&T files Petition for Reconsideration of the Harbinger Order, 
alleging various process fouls and irregularities in the proceeding (believed to 
be still pending). 

April 15, 2010: Harbinger withdraws its request that the February 26, 2010, in- 
formation on its business plans be treated as confidential material. 

March 26, 2010: FCC Releases Order and Authorization to modify SkyTerra ATC 
license 

• Aggregate EIRP increased to 42 dBW (AE615.85 kilowatts) per sector. 

• No change to gating requirement and t3dng of ATC to satellites. 

• Power density limits relaxed near airports and waterways subject to Inmarsat 
making its terminals less susceptible to receiver overload interference (see para- 
graphs 35, 36). 

• Increased protection for GPS from femtocells added to SkyTerra authorization: 
PSD of emissions in the 1559-1605 MHz band limited to -114.7 dBW/MHz and 
that PC data cards transmitting to such femtocells should limit the PSD of 
emissions in the 1559-1605 MHz band to -111.7 dBW/MHz. 

• No L-band MSS ATC network or equipment yet deployed. 

November 2010: FCC Initiates LightSquared Waiver Proeeeding 

• November 18, 2010: LightSquared Files Report to FCC on its MSS ATC Plans 
and notes that if the plans are not in conformance with the “gating criteria” 
in FCC’s rules, request that the requirement be waived. 

• November 19, 2010: FCC initiates proceeding on LSQ waiver request by placing 
the application on Public Notice and inviting public comment. By a separate 
Order on November 26, FCC extended comment deadline to December 2, 2010, 
with reply comments due December 9, 2010. 

• No L-band MSS ATC network or equipment yet deployed. 

January 26, 2011: FCC Grants LightSquared Waiver of Gating Criteria 
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• Federal agencies object to granting the gating waiver prior to completion of 
technical studies establishing whether GPS would he protected. The Depart- 
ment of Defense separately expresses its opposition to the FCC Chairman. 

• While noting agency objections and the creation of a “new interference environ- 
ment” NTIA does not formally block the FCC waiver proposal. 

• On January 26, 2011, FCC granted a waiver to LightSquared of FCC rule 
25.149(b)(4), permitting stand-alone terrestrial use for the first time. 

• Establishes Technical Working Group (TWG) to examine potential interference 
to GPS. 

• Report from the TWG due to FCC on June 15, 2011. The FCC later granted 
a two-week extension to June 30, 2011 at the request of LightSquared. 

• No L-band MSS ATC network or equipment deployed. First base station equip- 
ment provided for testing in April 2011. 

June 30, 2011: FCC places TWG Report on docket for Public Comment 

• Period for comments closes July 30, 2011. Period for reply comments closes Au- 
gust 15, 2011. 

Chairman Hall. All right. Thank you, and thank you for your 
testimony. I would remind the Members of this Committee that the 
rules require and allow questioning for five minutes. 

And the Chair at this point will open the round of questions. I 
relegate myself to five minutes. Hope each of you can stay within 
that deal. 

And I will start out by asking Mr. Appel, are you familiar, Mr. 
Appel, with the LightSquared impact to aviation that is based on 
LightSquared? Yes. I think written by and prepared by J.C. Johns. 
Is he the director? 

Mr. Appel. He is one of the FAA officials overseeing a lot of this 
effort. Yes. 

Chairman Hall. All right, and for the first five, one, two, three, 
four — Mr. Russo, Ms. Glackin, Mr. Sparrow, Mr. Appel, you are all 
the representatives of the people, are you not? All appointed, not 
elected, appointed, and serving, and I believe, Mr. Appel, you were 
just confirmed by the Senate, were you not? Recently. 

Mr. Appel. 2009, actually. 

Chairman Hall. Well, good luck to you. 

Mr. Appel. Thank you. 

Chairman Hall. And I guess I will ask all of you, Mr. Appel, are 
you familiar with the FAA’s analysis of the impact on 
LightSquared’s network, and that is what this study is. 

Mr. Appel. Yeah. There have been a number of internal analyses 
of the FAA, and I am generally familiar with them. Yes. 

Chairman Hall. And is this assessment based on studies of 
LightSquared, LightSquared’s Technical Working Group, their 
radio technical commission for aeronautics, and other national PNT 
engineering form reports? 

Mr. Appel. My understanding is that the work that the FAA did 
was in conjunction with the Technical Working Group and those 
other groups. Yes. 

Chairman Hall. And I think in my opening statement I men- 
tioned some of the real problems. Did that — let us talk about the 
impact of LightSquared’s network. Did that assessment indicate an 
increase in potential aviation fatalities? 

Mr. Appel. My understanding was that there was an internal 
FAA analysis looking at the initial LightSquared proposals that did 
some early estimates based on the original scenario. I think that 
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a lot of that work has been superceded by looking at the current 
scenario. 

Chairman Hall. And I think the estimate was around 800 re- 
duced fatalities over 10 years, and to be more — to be exact, that is 
something I think we should be, there is a 64 air carrier and one 
was mentioned by the one that had a Congressman aboard. I think 
I remember the day that Congressman left here to go on an inter- 
national meeting. It was a lot of secrecy about it. I have even been 
told that some people thought the airplane was shot down because 
he was on it, which is a bad loss of life there, and they were sup- 
posedly over into the wrong airways when they got shot down. 

But that was the 64. That is part of the air carrier and then the 
general aviation part, there is 730 reduced fatalities over 10 years 
according to this potential averted fatalities report and for a total 
794, not 800, but 794, and also in the report they indicated the cost 
of money. That based on input from RTCA as well as National 
Space-Based Position, Navigation, and Timing Systems Engineer- 
ing Forum, proposed LightSquared development would result in an 
estimated aviation community cost. Community cost of at least $72 
billion stemming from two billion loss of existing GPS efficiency 
benefits, five billion loss of existing GPS safety benefits, 59 billion 
due to delayed NextGen benefits, and six billion in aircraft retrofit 
costs. 

Additionally, LightSquared deployment resulted in an additional 
30 million tons of CO 2 , and FAA would be forced to re-plan 17 bil- 
lion in NextGen investments with associated additional develop- 
ment costs. Those are within the findings of the FAA, Federal 
Aviation Administrator’s research and report. 

Are you satisfied with that, the accuracy of it, and have you ex- 
amined it on your own? 

Mr. Appel. My — I have looked at it. My colleague, the head of 
the FAA, the Administrator, Randy Babbitt, when asked about this 
issue, has made clear that he is not going to let anything happen 
that is going to jeopardize safety of aviation. We have gotten pro- 
gressively better and better every year in our aviation safety in 
this country, and the FAA takes every measure possible to ensure 
that no matter what the potential threat to safety, we address it 
before it happens. 

Chairman Hall. All right. I just have a little bit more time left. 
I think you have answered my question, and I would ask Ms. 
Glackin, and you are the only one I will ask this because I don’t 
have the time and because you are associated with the weather, 
and we are all aware of some weather around here, this Nation at 
this time, more than ever before. I don’t ever remember this many 
earthquakes or forest fires. 

If NOAA received full funding for its satellite programs but the 
LightSquared proposal was approved, how would the Nation’s 
weather forecasting capabilities be affected? 

Ms. Glackin. NOAA has 

Chairman Hall. If you can give me a good quick answer. 

Ms. Glackin. Yeah. I was going to say even with that full fund- 
ing NOAA has concerns about the impacts of LightSquared because 
depending on how it is implemented it touches so many parts of 
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our warning mission, from our radars on the ground to the sat- 
ellites that are operating in space. 

So I couldn’t give you any confidence today that we would be able 
to successfully deliver on that mission. It would be impacted to 
some degree, and we would need to do much more testing to under- 
stand that. 

Chairman Hall. And in closing, Mr. Russo, Mr. Sparrow, Mr. 
Appel, Dr. Applegate, would your answers have been similar to her 
answer as it affects the division you represent for the people of the 
United States? 

Mr. Russo. Yes, sir. 

Chairman Hall. Each of you have a yes or no on that? 

Mr. Sparrow. Yes, sir. 

Mr. Appel. Yes, sir. 

Dr. Applegate. Yes. 

Chairman Hall. All right. I have used up all my time. 

At this time I recognize Ms. Johnson, the Ranking Member, for 
five minutes or whatever time you have to use. Ms. Johnson. 

Ms. Johnson. Thank you very much. 

Chairman Hall. I went over about almost a minute. 

Ms. Johnson. A little over a minute. 

Chairman Hall. You can go for six minutes if you want to. 

Ms. Johnson. I understand that minimal testing was done by 
the Technical Working Group to examine whether LightSquared’s 
proposed plan to re-phase its bandwidth use and reduce power will 
mitigate the network’s impact on most GPS applications. Agency 
statements today are consistent in their call for additional testing. 

What do agencies need to know about the new LightSquared pro- 
posal to assess its impact on their programs? How long this process 
take, and I would like to hear from all witnesses, but let’s start 
with Mr. Russo and Mr. Carlisle. 

Mr. Russo. Yes. The first part of the question in terms of what 
we would need to know, the first thing we need to know is what 
the final end-state configuration is. In LightSquared’s recommenda- 
tion paper of 29-June they had three recommendations. One was 
to broadcast initially in the lower 10 megahertz of their band, two 
was the reduction in power to basically the same power level that 
we were testing at, and the third one is the one that is problematic 
for us, which is that at some point in the future they would be 
broadcasting in the upper half, and that point is undefined. They 
called it a standstill period, and we don’t know at what point that 
would occur. That is the key missing piece to being able to con- 
struct a new test to say whether we will or will not have substan- 
tial interference. 

And in terms of how long it would take, that will depend some- 
what on that answer. 

Mr. Carlisle. To be clear, it is not true that there was no testing 
at the lower 10 by the Technical Working Group. In fact, every sub- 
group tested the lower 10, and it wasn’t either in the final days. 
Some of the subgroups had from the very beginning of their work 
a plan to test the lower 10 against their devices. 

So in effect, there has been testing of 130 devices across seven 
different categories on the lower 10, and some of those categories 
are fine. Precision is not as we have heard here today. We take a 
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measurement of 10 out of the 38 precision devices that were ulti- 
mately tested actually will operate fine in the presence of the 
power levels that will reach the ground in our network. 

But very quickly I would say if there is a specific plan for addi- 
tional federal testing, we have yet to hear it from any agency at 
this point. The only claim we have seen in terms of additional test- 
ing needed is from the Department of Defense to test certain classi- 
fied receivers that were not tested on the lower 10 as part of the 
Department of Defense’s testing. 

But we are completely open to speaking with the government 
agencies about facilitating further discussion on this and also about 
whether the upper 10 that Mr. Russo just mentioned is ever going 
to be — it can be used down the road. 

Ms. Johnson. Do you want to comment on that? 

Ms. Glackin. I would just comment quickly, point out that Mr. 
Russo’s original testimony really highlighted some of the shortfalls 
in the testing that was done, and in particular that only one trans- 
mit antenna was part of the testing configuration, and we know 
that there is — there can be interference effects, you know, are addi- 
tive there and also the fact that the time period was so compressed. 
There is a lot of complexity to work through. 

Ms. Johnson. Thank you. Mr. Russo, in your opinion is it tech- 
nically feasible to design a filter that simultaneously allows GPS 
users to listen to signals in LightSquared’s allocated band, and 
block LightSquared’s signals? 

Mr. Russo. I am sorry, ma’am. I don’t know the answer to that. 
We are dealing with a very large power difference. At half a mile 
the LightSquared signal is five billion times more powerful than 
the GPS signal by the time it gets down from space. That is a big 
number to be able to reconcile. 

Dr. Parkinson from Stanford University expressed it this way, 
that the GPS signal is like a teaspoon of water. The LightSquared 
signal is Niagara Falls. That is about a five billion difference. I am 
a very optimistic person. I think that given time, given the right 
technical people talking to each other there may be a way to do 
this, but I certainly don’t know that, and I certainly would want 
to see that tested before I would be able to say that would work. 

Ms. Johnson. Can you estimate its cost? 

Mr. Russo. No. I am sorry. I can’t. 

Ms. Johnson. Mr. Carlisle, would you like to comment on that? 

Mr. Carlisle. Yes, I would. Actually, its effect which is the com- 
parison of our base station power against the power level of GPS 
signals was known in 2005. So my question generally would be why 
did the GPS manufacturers not test that and determine there was 
an effect? Why was the overload effect never mentioned during the 
four years of testing, and why wasn’t that made a condition of 
our — any sort of condition about our investing and deploying the 
network? It was only brought up in the last year. 

Now, we have done everything we can in order to address this 
issue, and we have made sincere, real commitments in order to ad- 
dress it, but at the end of the day this is a six-year-old issue on 
which nothing was done in order to address receiver overload. 

Ms. Johnson. One last quick question. Dr. Pace, would you com- 
ment on that? 
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Dr. Pace. Well, I would first of all say I agree that trying to 
overcome a billion dollar, I mean, excuse me, a billion times power 
difference is technically very difficult, and because of that technical 
uncertainty it is difficult to say how much money would be re- 
quired. 

With regard to how long this issue was known, I think one addi- 
tional fact is that the FCC time and time again from the original 
discussions in 2002, up until January of 2010, were very adamant 
that they would forbid any sort of stand-alone terrestrial wireless 
service. In fact, they made a number of points in the proceedings 
about how they would not allow evasions of the satellite require- 
ment, what was called the gating requirement, the need to link to 
a satellite. 

This linkage is very important because it meant that the ground- 
based systems, the ancillary treshold component, could not inter- 
fere with the satellite, and therefore, the mobile satellite service 
band would remain a quiet band. So I would say that the GPS in- 
dustry for the period that Mr. Carlisle mentions was relying on the 
assurances of the FCC that the band would remain a satellite 
band, and the issue of numbers of ground stations and powers and 
so forth is truly an ancillary issue to the core question of would 
this band remain a satellite band. If it is a satellite band, then you 
have no problem. If it is not a satellite band, you have a problem 
that you see here today. 

Ms. Johnson. Thank you. My time has expired. 

Chairman Hall. Thank you. The gentleman from Wisconsin, the 
Vice Chairman of this Committee, Mr. Sensenbrenner, is recog- 
nized for five minutes. 

Mr. Sensenbrenner. Thank you very much. 

Mr. Carlisle, all of your contracters on this panel don’t seen to 
have a high regard for your position, and I have got a few ques- 
tions. Maybe I can blow a little bit of the fog away. 

Say you don’t get permission from the FCC to use the high-end 
band, meaning the upper 10, for LightSquared. Would you still in- 
vest the $14 billion in this project? 

Mr. Carlisle. We would invest the maximum amount of money 
necessary in order to build out on the spectrum we had. So if we 
can’t use the — if we can build out on the lower 10, we will invest 
as much as we need to get a robust network. 

Mr. Sensenbrenner. How much would that be? 

Mr. Carlisle. I can’t tell you that sitting here right now. I would 
need a network engineer and a business model to go through that, 
but right now the plan is 14 billion. 

Mr. Sensenbrenner. Now, what would happen if there was a re- 
duction in power? You know, we have heard about the teaspoon of 
water versus Niagara Falls. Would you still be able to make a go 
of it if you got a tablespoon of water? 

Mr. Carlisle. Well, that is — in order to provide a wireless 
broadband network, you need cell towers or base stations that are 
operating consistent with the power levels that you need for that 
in order to make it economically viable. Otherwise you just have 
so many cell towers it becomes economically infeasible to provide 
service. 
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So at the power levels we have committed to right now, that is 
a network that is the size of between 30,000 and 40,000 base sta- 
tions. 

Mr. Sensenbrenner. Okay. Now, you made a deal with Sprint, 
and they have got a lot of cell towers around the country. 

Mr. Carlisle. Uh-huh. 

Mr. Sensenbrenner. Because you would have access to those, 
would you still spend the 14 billion? 

Mr. Carlisle. Our plan is yes. We are spending nine billion with 
Sprint alone in order to deploy the network, and the 14 billion is 
the total of capital and operating expenses over eight years. 

Mr. Sensenbrenner. Now, how much of that is Sprint’s money, 
and how much of that is LightSquared’s money? 

Mr. Carlisle. Nine, the $9 billion is what we are spending to get 
the network deployed. 

Mr. Sensenbrenner. Is this LightSquared’s money? 

Mr. Carlisle. I believe so. Yeah. I am not sure what the — we are 
spending — we are giving — spent $9 billion to 

Mr. Sensenbrenner. You know, I noticed the name of what is 
now LightSquared has been changed as a result of reorganization 
several times in the last decade, which is 

Mr. Carlisle. Right. 

Mr. SENSENBRENNER[continuing]. Not particularly comforting to 
me, you know, unless something end up midstream on this. The 
other line of questioning I would like to have in the time that I 
have remaining is what kind of testing has there been on precision 
GPSs, which are the most expensive ones and, you know, the ones 
that I would say that we need particularly in a transportation sec- 
tor to make passengers safe. 

We have heard that retrofitting as a result of potential inter- 
ference would cost billions of dollars, largely in an airline industry 
that really isn’t all the financially healthy. What kind of testing 
have you done on this stuff? 

Mr. Carlisle. Well, if you are talking about — the Technical 
Working Group tested both aviation receivers, which are used in 
aircraft, and also the standards that are applicable to the WAS net- 
work that is going to be used for Next Generation, and separately- 
tested precision receivers, which are largely used in agriculture, 
construction, survey, and for scientific research as we have heard 
today. 

Those precision receivers were tested fully on the bottom 10. In 
terms of the level of the scale that we are talking about here, if 
we are talking about cellular phones, personal navigation devices, 
aviation receivers, and timing receivers, it is about 400 million de- 
vices around the country. If we are talking about precision as it 
was tested at the Technical Working Group, it is less than a mil- 
lion, probably about — ^between 500,000 and 750,000 receivers. 

Mr. Sensenbrenner. Okay. 

Mr. Carlisle. So in terms of the investment needed to replace 
those receivers, this is not, you are not talking about replacing 400 
million receivers. You are talking about replacing a much smaller 
number. 

Mr. Sensenbrenner. One of the complaints I have heard is that 
LightSquared has been changing the parameters of what it pro- 
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poses to do before the testing is completed. The Committee has in- 
formation that you have a newer proposal. Has that been filed with 
the FCC yet? 

Mr. Carlisle. We have a proposal in addition to our last pro- 
posal. It was filed at the FCC on Wednesday, and it is attached to 
my testimony. 

Mr. Sensenbrenner. Okay. Now, are you going to stick by that 
proposal until the testing is done, or if something bad comes out, 
is there going to be another proposal that would be filed, in which 
case the testing would have to go to square one? 

Mr. Carlisle. Well, let me respond to that in this way. We are 
sort of — we are acting in a situation where the GPS manufacturers 
have — and the federal agencies have most of the information about 
what GPS devices they use and how they operate. So our original 
proposal was in the absence of having that information. As the in- 
formation started to become available, started to become obvious 
that there was going to be a problem on the upper 10, we came up 
with a proposal that would mitigate the issue by moving to the 
lower 10 at a cost of $100 million to the company. 

That is what you do when you see engineering problems. 

Mr. Sensenbrenner. I don’t think that answers my question of 
whether we are going to have to go back to square one again with 
a new proposal if the testing shows that there is another problem 
that comes up. 

Mr. Carlisle. Well, the proposal we have discussed this week is 
in addition to our other proposal, so it is incremental on top of it. 
If there are additional issues discussed, that come to light with re- 
gard to federal receivers or other receivers, we will take that into 
account and see what we can do to fix it. But at this point you do 
raise a very good issue in that we have made all the proposals to 
solve this issue, and we are spending all the money to do it. The 
GPS manufacturers have not. 

Mr. Sensenbrenner. Well, GPS was there first, and a lot of peo- 
ple use GPS, and, you know, I don’t want to have to face my con- 
stituents at a town meeting if their GPS ends up not being what 
it is supposed to be and what it has been as a result of spectrum 
interference. 

You know, Mr. Carlisle, I wish I could have gotten more direct 
answers to questions that were pretty direct, but maybe you can 
supply them with written testimony later on. 

Mr. Carlisle. I would be happy to if there is anything I didn’t 
answer. Sorry about that. 

Chairman Hall. All right. The gentleman’s time has expired. 

The Chair recognizes the gentleman from California, Mr. 
McNerney, recognized for five minutes. 

Mr. McNerney. Thank you, Mr. Chairman. I just want to say to 
Mr. Carlisle, you knew this was going to be a tough afternoon, so 
I appreciate your coming out here and testifying. 

The frustrating thing is that every one of us would like to see 
you move forward because of the economic boom that broadband 
brings, but we are all very concerned about the impact on a very 
well-established and growing set of industries and businesses. 

One of the things I heard you say was that the problem in your 
opinion can be solved by responsible receiver design, and by that 
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I take it you mean GPS receivers. And so that implies a significant 
investment by the GPS people, and I am not even sure that that 
technology exists. A lot of folks here don’t seem to think that it 
does, but I agree with Mr. Russo. I think that there are technical 
solutions in the future that if enough investment is made will be- 
come available. 

So I am not going to be writing off anything at this point, but 
I would like to have a little bit more comfort that the technical so- 
lutions on the receiver side actually work. 

Now, you have charted out a plot on page seven of your Power 
Point that shows a 40 db reduction in signal transmission. How 
many orders of magnitude is 40 db. Dr. Pace? Do you have an idea? 
Because we are talking about a nine order of magnitude difference 
in signals. Is 40 db equal to nine orders of magnitude? 

Dr. Pace. I would have to go back and get my computer. 

Mr. McNerney. Yes. Does 

Dr. Pace. I may look at Tony to save me, but it is on the order 
of multiple orders of magnitude. I mean, 1 db is a major change, 
10 I think is an order of magnitude. So I would guess about four 
orders of magnitude unless someone wants to correct me. 

Mr. McNerney. Well, and Ms. Glackin is also concerned about 
the attenuated part also causing distortion of the GPS signal. We 
have a seven nanosecond delay. Is seven nanoseconds acceptable in 
precision GPS? 

Dr. Pace. I would have to say no, because, again, this is some- 
thing that is very interesting in the different applications, and Mr. 
Carlisle is quite correct to point out the differences in the different 
categories of receivers. A seven nanosecond delay created by a filter 
may not be an issue for say a smart phone, but a seven nanosecond 
delay can be on the order of several meters of error that can be in- 
troduced, which is a big deal if you are a precision farmer working 
at two to 10 centimeters. 

So it depends on what is the baseline level of performance you 
are going to be looking for. A filter that may work for certain cat- 
egories of users may not be applicable to others, and as Mr. Car- 
lisle mentioned, the precision users are probably the most stressing 
of the folks you have to deal with. 

Mr. McNerney. Well, I mean, it seems to me that there are tech- 
nical solutions in the future, and I want to go there, but what is 
happening is that you are sort of saying and Mr. Carlisle, you are 
saying that the rules have changed along the way from what was 
originally required, but the problem is that if you are talking about 
public safety, that is a losing argument. We need to get to a point 
where the public safety people are comfortable, or this isn’t going 
to go forward. I mean, that is the bottom line, so I see a great deal 
of cooperation on your part and earnest effort to get there, but I 
am not convinced that we are there yet, and anything you can do 
to convince me or the Members of this panel would be useful. 

Mr. Carlisle. If I could respond on two things. First of all, on 
public safety the primary use of GPS by public safety is two ways. 
On timing receivers and in simulcast networks, the public safety 
entity is used and in vehicles and for mission-specific use of per- 
sonal navigation devices. 
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Under our current set of proposals no public safety devices will 
have — no personal navigation devices will have a problem with the 
deployment of our network as long as we are operating on the 
lower 10 megahertz. On the timing devices that should also be the 
case, but if some of these timing devices happen to be in close prox- 
imity to one of our transmitters, there are replacement antennas 
available that are completely filtered against our signal that are 
available on the market today for $100 each. So this is an issue 
that can be handled. 

In terms of precision receivers, this is directly out of the report. 
It is slide 12 in the Power Point attachment to my testimony. This 
line is the power level that we will be broadcasting at that will 
reach the ground. These dots are all precision receivers that were 
tested. Now, most of those fall below the line and would show 
harmful interference. These ten above the line would operate fine 
in the presence of our signal. 

This is a design choice. It is not an immutable physics problem. 
We know it because we can see the performance of the receivers. 

Mr. McNerney. Okay. Well, one of the issues that has been 
brought up is a lack of testing in the lower 10 band, so I just don’t 
think we are quite there yet, and I want to see what you are pro- 
posing to go forward because it just — we need jobs, and this is 
going to create them, but in my opinion we are not quite there yet, 
and I would like to see that happen. 

So with that I will yield back. 

Chairman Hall. I thank the gentleman. 

Next the gentleman from Maryland, Dr. Bartlett, is recognized 
for five minutes. 

Mr. Bartlett. Thank you very much. 

It seems to me that the actions of the FCC seven years ago might 
have anticipated that we would be here today talking about this 
problem because as I understand it, the FCC granted 
LightSquared, then known as MSV, conditional approval to build 
its integrated ATC ground-based wireless network using its sat- 
ellite spectrum near the GPS signal. Wouldn’t it have been ex- 
pected that the enormous disparity between the GPS satellite sig- 
nal and these ground signals would have produced some bleed that 
we would have this problem? 

I am a little concerned as to why that spectrum so close to GPS 
was granted. I am also confused by the FCC’s rulings here. In 
2003, when they adopted the initial rules allowing commercial sat- 
ellite service providers who operate a ground-based integrated with 
their satellite service, they made this statement. The purpose of 
our grant of ATC authority is to provide satellite licensees flexi- 
bility in providing satellite services that will benefit consumers, not 
to allow licensees to profit by selling access to their spectrum for 
terrestrial-only service. 

And then I note that on January 26 of this year the FCC granted 
LightSquared a conditional waiver of its ATC authority integrated 
service rule meaning its customers could offer terrestrial-only serv- 
ices. 

Now, did our staff make an error in this briefing paper, or is this 
a direct contradiction? 

Mr. Carlisle. Are you asking me or 
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Mr. Bartlett. Whoever can answer. Because it appears to me a 
direct contradiction. My concern is that I think that we, the gov- 
ernment, are somewhat complacent in this problem that I wonder 
why we were ever — gave a spectrum so close to the GPS signal that 
when you have a billion time disparity, wasn’t it anticipated that 
there was going to be a bleed over? Who would have thought there 
wouldn’t have been a bleed over that would compromise the GPS? 
For at least the low-end technical receivers. 

Mr. Carlisle. Well, Congressman, the FCC process is only as 
good as the input it gets, and at the time from 2001 to 2005, the 
only issue that was discussed was the possibility of our signal 
bleeding over into GPS. 

Mr. Bartlett. Well, was it a given that being a billion times, if 
you went to a ground based and pumped it up, wasn’t it just antici- 
pated that a billion times more powerful signal was going to bleed 
over? 

Mr. Carlisle. And that is why we entered into an agreement in 
2002, with the GPS Industry Council to filter our transmission so 
it would not bleed over. The issue that was not 

Mr. Bartlett. It is bleeding over because many of the devices 
you tested were compromised by it, and now you are using only the 
lower end of it, which still bleeds over is my understanding. 

Mr. Carlisle. Well, as Dr. Pace’s testimony points out, the test- 
ing actually showed that if you look at what our signal is doing, 
it is not tapering off into GPS and causing a problem. We have fil- 
tered it. The problem is caused by receivers that are looking not 
only at the GPS signal but also looking at our signals. 

So even if we have a filter so we don’t bleed over into GPS, they 
are still seeing our signal. It is a receiver-side issue that was never 
raised between 2001 and 2005. 

Mr. Bartlett. But if the frequencies were further apart, this 
wouldn’t be a problem. Right? 

Mr. Carlisle. Not — no, it would not be a problem and 

Mr. Bartlett. Okay. 

Mr. Carlisle [continuing]. That is why we have offered to move 
to the lower part of our spectrum. 

Mr. Bartlett. Was there no signal more distinct from GPS that 
could have been given to LightSquared? I am confused as to why 
they ended up with a spectrum so close to the GPS. 

Mr. Carlisle. Well, we had been licensed to use that spectrum 
since 1989, when the FCC added the possibility of having a ground 
network. The only issue related to GPS interference that was 
raised was the issue that we accounted for in our filtering. This re- 
ceiver overload issue was not raised to the FCC until September 
of 2010. Entities that had the information, the performance of their 
receivers and how much spectrum they actually look at, the GPS 
manufacturers did not raise it until then. 

Mr. Bartlett. But even with the filtering and even with only 
using the lower half of the band, don’t we still have a very signifi- 
cant number of GPS receivers that are compromised? 

Mr. Carlisle. The testing shows that that would be precision re- 
ceivers primarily, which amount to perhaps 750,000 in the country 
compared to 400 million other types of 

Mr. Bartlett. They both are big numbers. 
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Mr. Carlisle. But not — in terms of precision receivers, not an 
impractical number to handle over time. 

Mr. Bartlett. Thank you, Mr. Chairman. 

Chairman Hall. I yield you another minute. Dr. Pace has been 
holding his hand up there for about five minutes, I think wants to 
help answer this question. 

Dr. Pace. Thank you. The thing I would have to add is that 
when the discussions took place between the GPS Industry Council 
and the predecessor organization, MSV, I was at NASA at the time, 
and so I knew that these two groups were going off to have these 
conversations with each other and the out-of-band, the emission 
limits, bleed-over issue was certainly one of the issues that was dis- 
cussed in great detail before the groups came back to the FCC and 
came back to the government agencies to talk about what their so- 
lution was. 

I think an integral part of that solution was the fact that this 
was still supposed to be an ancillary terrestrial component, an add- 
on extension, a fill-in service to a satellite service. So the satellite 
gating requirement and the preservation of the band as a satellite 
band was crucial. It was not a matter of looking at one solution in 
isolation, that is the out-of-band emissions into the GPS band. It 
was a total look at what that band was like, what the neighborhood 
was like, and it rested on the assurances of the Commission that 
they intended and wanted to preserve that band for mobile satellite 
services. 

So I recall the very deep technical discussion, there was a total 
package that was looked at, there are a number of technical char- 
acteristics that were preserved. If one was to go and change those 
characteristics and say convert this satellite band to a mobile serv- 
ice, a terrestrial band, the normal process one would go through is 
a notice of proposed rulemaking. This is what happened up at other 
bands, what is called the S band up around two gigahertz. You 
have probably heard of Charlie Ergen and DISH Network and 
some of these other guys have proposals there. 

So the FCC engaged in proper notice and proposed rulemaking 
when they made other major changes. In this particular case they 
granted a waiver without really in my view sufficient technical 
data in place to support that waiver, then testing occurred after 
the fact to see if it could be made to work. They made a major 
change in the allocation of the band from satellite to a terrestrial 
service without the notice of proposed rulemaking that they en- 
gaged in in other areas. 

So I think your phrase that the government is a little compliant 
in this is actually quite true, that there were indications and en- 
couragements made for a very worthy cause of more broadband but 
where sufficient homework was not done, and that has led to the 
situation we are facing today. 

Chairman Hall. Thank you very much. 

Next — do you yield back now, professor? 

Mr. Bartlett. One final comment, Mr. Chairman. I wonder is 
there not a technology that could migrate this system for the 
ground-based component that would make it not competitive or 
threatening to GPS? 



99 


Do we have receivers that are designed to receive both the ter- 
restrial signal and the space signal, or are they two kinds of — 
strength is enormously different; I would judge that you got two 
different 

Mr. Carlisle. There are, well, for our band, yes, we are going 
to — the concept that this is going to be a terrestrial-only network 
is wrong. We will continue to have an integrated network. We in- 
vested in a satellite. We will continue to use it. We will have dual- 
mode devices that will enable these devices to talk to the satellite 
and loop through it. 

Mr. Bartlett. But they are dual mode 

Mr. Carlisle. Yes. 

Mr. Bartlett, [continuing]. Because they have a part of it which 
receives the terrestrial signal and another part which receives the 
space. 

Mr. Carlisle. Absolutely. 

Mr. Bartlett. We aren’t concerned about the satellite I under- 
stand. It is only the terrestrial part of it that is a concern. Why 
cannot we simply migrate that signal so that it is not competitive? 

Mr. Carlisle. To the ground 

Mr. Bartlett. Yes. 

Mr. Carlisle. Network somewhere else. 

Mr. Bartlett. Completely move the band width. 

Mr. Carlisle. Well, that has been proposed by some of the GPS 
manufacturers. We have invested $4 billion in the spectrum so far 
and but what those proposals amount to is go somewhere else and 
spend another $4 billion to develop your technology in another 
band. So that is one problem. 

The other problem is that where is it? Every piece of spectrum 
that is suitable for a ground network is already taken by someone 
else. 

Chairman Hall. I would be upset if I hadn’t caused that last 
question, but I always get more of out Dr. Bartlett’s questions than 
I do out of the answers. Thank you. You are a good Member. 

And we have another good Member that has been very patient. 
The gentlelady from Maryland, Ms. Edwards, my friend, is recog- 
nized for five minutes. 

Ms. Edwards. Thank you, Mr. Chairman, and thank you also to 
the Ranking Member and to our witnesses today. 

You know, I am just coming at this from your basic consumer. 
I think none of us can, you know, question the fact that GPS is so 
pervasive in our lives that obviously we don’t even know it any- 
more because it is everywhere and everything, and that is a good 
thing, and I think it is one of those examples where the govern- 
ment has made a significant investment, and it is good government 
work, and you know, at a time when we seem to be, you know, cut- 
ting back and challenging every single aspect of government, I 
think the American public can be thankful for the investment that 
the Federal Government and taxpayers made in the development 
of GPS. 

I think the confusion here is that we have competing national 
policy directives. On the one hand we have the, all of the good work 
of our scientific and technological agencies that are dependent on 
GPS for important and critical services, and on the other hand we 
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have a policy directive from the Administration, which I think is, 
you know, right in terms of expanding the ability of broadband to 
be accessed in multiple communities, and that was my signal that 
I am going to keep going until my time is up. 

And so — and I share that, I share the value of doing that. I 
mean, in urban and suburban areas, even like ones represented in 
my Congressional district, that are plenty of people who for a vari- 
ety of reasons because of the level of competition and the lack of 
access, there are plenty of communities underserved, both subur- 
ban and urban, who need greater access and need that at competi- 
tive rates that people can afford. In rural areas, obviously, that 
challenge exists, too, and so it is a great goal to have to expand 
broadband access. 

And so what I would like to know is given the level of investment 
that the Federal Government has put in and the competing policy 
directives, why it is that our agencies don’t have some responsi- 
bility and the Federal Government doesn’t have some responsibility 
to figure out a solution that allows LightSquared to move forward 
at the same time that we protect our vital GPS services. And it 
does seem to me that our federal agencies can’t just sort of sit and 
wait and say, well, LightSquared, you figure that out without some 
responsibility of our own agencies. 

I mean, NextGen, for example, is just in development. Why is it 
that we are not investing in the technology that is going to allow 
for the existence of these two services, even if it means that at 
least part of the band width isn’t used in order to guard GPS but 
then allows LightSquared to develop the part of the band with — 
that can be used. 

And so my question for the agencies is what investment are you 
all making to try to meet the dual directives, policy directives of 
the Administration that I outlined previously? 

Any one of you can take that question. 

Mr. Russo. I will start off, see if I can get part of this. We recog- 
nize the dual directives. The one piece I want to point out is that 
the President’s broadband directive also contains the caveat that it 
not be done at the expense of critical federal, state, and local capa- 
bilities. So he recognized that when they gave the initiative out, 
that, you know, do this but do this without stepping on other 
things. 

In terms of investment, we do need to make ourselves more effi- 
cient, and as Dr. Pace said, GPS is really the most efficient spec- 
trum use we have ever seen, where we have a billion users in 20 
megahertz. But we concur that we need to work towards making 
it even more efficient in the future. Our demands for spectrum are 
going to continue to grow, especially in terms of our broadband 
needs. 

So we do have a responsibility to try to work with all of our part- 
ners to make that more efficient, and the FCC is the lead for that. 

In terms of this specific issue, we have taken out of hide all of 
the technical experts that we have available to try to work this 
problem. We don’t have — this NPEF I talked about is not a stand- 
ing organization. When I sent the tasker out, people had to be 
pulled from their regular jobs in order to come together to do this 
testing. 
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So the departments and agencies don’t want to do this perpet- 
ually. They want to he able to do this on a focused answer. We 
can’t do this 365 days a year. You haven’t authorized us the money 
to be able to keep these people as a standing test for anything that 
somebody might come up with. 

So that is part of the answer. We are willing to work on future 
testing and future alternatives to try to make this work. We are 
seeking a win-win solution, and that is guidance we will receive 
from the White House, and we are all working towards that. Could 
we do more? Maybe. We are also resource constrained. 

Ms. Edwards. Could I hear for a moment from the Department 
of Transportation because, you know, NextGen is just in develop- 
ment. You are not finished, you are not done, you are not, you 
know, where you need to be yet. Why is it that you can’t work on 
some technological solution that allows the compatible existence of 
these two technologies? 

Mr. Appel. Certainly. The Department of Transportation believes 
that we would want nothing more than to have expanded 
broadband capabilities. Expanded broadband capabilities has tre- 
mendous benefits for transportation in improving efficiency, in im- 
proving environmental sustainability, and just getting better 
routings, not just from the navigation GPS but from better 
broadband applications across the spectrum. 

So in the case of this win-win that Mr. Russo is talking about, 
yes, we are — the FAA has put people, we are working very closely 
with the Technical Working Group, not just to find problems, but 
to find solutions, to find that win-win. 

In the case of NextGen in particular, yeah, we want to make 
NextGen work as well as it can based on what we have with which 
to work. A lot of the receivers, for example, on which NextGen will 
be based are already either there or in development. There are fu- 
ture aspects of NextGen, there will be several billion dollars in ad- 
ditional investment from each of the public and private sector, and 
that can be affected by the state of the world today, but there is 
also a lot that is already in place that we have to work from. 

So we just — so bottom line we would want to as best as we can 
help find the win-win solution. We would also have to accept that 
there are certain give-ins that we have to deal with. 

Ms. Edwards. Thank you, Mr. Chairman. I failed in staying in 
my five minutes. 

Chairman Hall. You did pretty good. I thank the gentlelady, and 
I thank the gentleman for his answers. 

The gentleman from California, Mr. Rohrabacher, is recognized 
for five minutes. 

Mr. Rohrabacher. Thank you, Mr. Chairman, and I have been 
trying to take in the information. I was actually — when I left, I was 
watching you from my office, which is what we often do. 

Let me ask, first of all, let me suggest that — is it Carlisle? Is that 
how you pronounce your name? You are doing a terrific job for your 
company. Let me just note that you have got all of these guys 
against you, and there you are, and you are holding your own, and 
I often find myself in that position, so I certainly appreciate it. 

Chairman Hall. The gentleman’s time is almost over. 
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Mr. Rohrabacher. Let me — so I am trying to glean exactly how 
we get to the core of the issues here, but because I admire the job 
you are doing doesn’t mean I agree with the positions that you 
have taken. 

The — we are talking about a company now, LightSquared, that 
received a waiver originally from what other companies would have 
been expected to, and how much did LightSquared pay for the right 
to own this band? 

Mr. Carlisle. We received the spectrum in 1989, when spectrum 
was still allocated on a competitive process. Auctions didn’t start 
until the late 1990s. 

Mr. Rohrabacher. So how much did you pay? 

Mr. Carlisle. We paid nothing at the time. 

Mr. Rohrabacher. You paid nothing at the time for that right, 
and you had a waiver for other restrictions, and so while I would 
have to admit that my sympathies might be a little bit greater if 
I would have learned that your company had actually paid a great 
deal of money out of their pocket for the right to this to begin with, 
so we are recognizing that this was a publicly-owned asset that 
was transferred ownership to your company for nothing. 

Mr. Carlisle. Sir, can I respond to that? 

Mr. Rohrabacher. Yes. Please. 

Mr. Carlisle. Okay. Originally when we received the allocation, 
it was before auctions were in place. That is how spectrum was al- 
located, and in fact, that is how the original cellular networks were 
built by the companies that own them. 

Mr. Rohrabacher. Yes. 

Mr. Carlisle. Cingular, all the rest of them, they got spectrum 
for nothing as well 

Mr. Rohrabacher. Yeah. 

Mr. Carlisle [continuing]. Before auctions were instituted. We 
subsequently invested several billion dollars to put up satellites to 
use it 

Mr. Rohrabacher. Right. 

Mr. Carlisle [continuing]. And provide public safety services 
and significant public benefit to the United States. When our com- 
pany was acquired for $3 billion last year, that was an investment 
in the spectrum, and further investment 

Mr. Rohrabacher. When you were granted this and the waiver 
was specifically — had something to do with whether or not — as long 
as you were not interfering with others’ use of the band near your 
band width, was that correct? I mean, that was part of the agree- 
ment that you had when you received this right to this band width. 
You did not receive 

Mr. Carlisle. Are you talking about the waiver in January? 

Mr. Rohrabacher. The waiver and the original grant. You 
were — wasn’t there pre-condition that this would not be interfering 
with other activities in nearby band widths? 

Mr. Carlisle. Well, anybody who receives spectrum has the obli- 
gation not to interfere with adjacent bands. 

Mr. Rohrabacher. Right. 

Mr. Carlisle. We are operating within the limits 

Mr. Rohrabacher. Okay. 

Mr. Carlisle [continuing]. On our network. 
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Mr. Rohrabacher. And wasn’t it pretty well understood as then 
the satellite that if you did choose to go the satellite route in the 
development of your right to use this band, that it might, indeed, 
complicate things to the point that you were interfering or there 
was a potential interference, because now you are using satellite 
rather than ground-based systems. 

Mr. Carlisle. Well, there was no issue with the development of 
our satellite network, which we have operated for 15 years. That 
is — that does not cause interference with GPS. The potential inter- 
ference comes from the ground-based network. 

Mr. Rohrabacher. Okay. I am trying to — that is what I am try- 
ing to learn here. We are not — none of us are engineers. So right 
now what we have heard from these witnesses is that there is po- 
tential interference at least in a very small, maybe 98 percent has 
been corrected, but there is a small area where there might be 
some kind of interference, and you have, of course, confirmed that. 

Now, you don’t — your company’s position isn’t that you should 
move forward even though there is this potential interference. You 
seem to be saying if the people who are being interfered with will 
buy certain types of technology, that interference can be overcome 
or might, it might be overcome. 

Mr. Carlisle. Well, and we have committed to fund the research 
of the — take the cost of that off the GPS manufacturers and fund 
it ourselves. So we have actually put earnest money up in order to 
solve this problem. 

Mr. Rohrabacher. And but that is in terms of the scientific re- 
search. Have — are we satisfied that the science exists, not that we 
will pay for it until it comes out, that the science exists to take care 
of the problem, meaning that last entity or part of the band that 
will possibly interfere with GPS? Is the consensus that technology 
exists, or is this a — something that is — you are suggesting that it 
might exist if we made this investment in research and develop- 
ment? 

Mr. Carlisle. We know it exists today because these receivers, 
these precision receivers are just fine. It is a technology design 
choice. 

Mr. Rohrabacher. I have one last question, Mr. Chairman. Are 
you in agreement with that, that you were — he said we are satis- 
fied that the technology does exist by this test? 

Mr. Russo. Sir, there is not a consensus on that. Some of the re- 
ceivers passed, but they may have a different application. Not all 
precision receivers do the same thing. The GPS community is so di- 
verse and the way this TWG report is presented, it is — there is an 
anonymous receivers. In order to get everybody’s cooperation, the 
manufacturers that submitted devices didn’t want their device to 
be named. So I don’t know whether the ones that are above the 
line, what specific function they do. So it may be that they don’t 
need to be as precise as other ones, and therefore, can have more 
filtering. 

So the answer from inside the government is that our technical 
experts are split as to whether it is even feasible that we could put 
a filter in that was both strong enough to knock out the 
LightSquared signal and still allow us to do our mission. That is 
the hard part is the second part of that, not the first part. 
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Mr. Rohrabacher. Thank you very much, Mr. Chairman, for the 
extra time. 

Chairman Hall. Thank you. The Chair recognizes Mr. 
Neugebauer, who is one of the members who asked for this hear- 
ing, and recognize him for five minutes or whatever time he has 
to use. 

Mr. Neugebauer. Well, thank you, Mr. Chairman. I think this 
has been a good hearing, and one of the problems of being one of 
the last people in the question queue is I think a lot of the ques- 
tions and statements that I wanted to make have been asked, but 
I do appreciate you holding this hearing. I think it is an important 
issue. Certainly, you know, the broadband issue is for — spreading 
that around to the rest of the country is important, but it is also 
important that we protect our GPS as well. 

And so I ask unanimous consent, Mr. Chairman, that a letter 
that we wrote the FCC Chairman, which you so kindly joined in 
on June the 7th, as well as the response I received, that they be 
made a part of this record. 

Chairman Hall. Without objection. 

[The information can be found in Appendix 2.] 

Mr. Neugebauer. I also ask unanimous consent that the testi- 
mony of the Save our GPS Coalition be made a part of the record 
for today’s hearing as well. They were not able to provide a witness 
for today but ask that their testimony be included in the record. 

Chairman Hall. Is there objection? The Chair hears none. 

[The information can be found in Appendix 2.] 

Mr. Neugebauer. And I thank the Chairman and I thank the 
Chairman for having this hearing. 

Chairman Hall. And you yield back. I would say this. The mem- 
bers of the Committee may have additional questions. We may 
have to ask you to respond to those in writing, if we might, and 
the record will remain open for two weeks for additional comments 
from members. 

I ask for unanimous consent to enter a number of documents into 
the record that were previously shared with the minority, including 
the list of over 400 individuals who submitted comments to the 
Committee. And I have heard a lot of testimony about funds. I 
have heard very little testimony about the 800 fatalities. We maybe 
need another hearing for that sometime in the near future. 

But hearing no objection, it is so ordered. 

[The information can be found in Appendix 2.] 

Chairman Hall. The Chairman calls this hearing adjourned. 

[Whereupon, at 4:04 p.m., the Committee was adjourned.] 
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Answers to Post-Hearing Questions 

Responses by Mr. Anthony Russo, Director, The National Coordination Office 
for Space-Based Positioning, Navigation, and Timing 

Questions submitted by Chairman Ralph Hall 

Ql. How common are the wideband and high precision GPS receivers that are at 
risk of interference from LightSquared’s modified business plan that starts com- 
mercial operations with just the “lower” portion of its spectrum^ 

Al. In response to an August 9th request by Mr Strickling (NTIA Administrator), 
federal agencies identified a current inventory of over one million wideband and 
high precision GPS receivers. This inventory does not include State, local, tribal, or 
commercial high precision receivers. While the number of non-federal receivers is 
unknown, it would be in the hundreds of thousands. According to a September 29th 
market study conducted by ABI Research, the high precision market is expected to 
double between now and 2016. Areas that are expected to experience strong growth 
include agriculture, construction, aviation, GIS mapping, and military high 
precisionb applications. 

There is no universally accepted definition of what constitutes a “wideband” or 
“high precision” receiver, so the number of affected receivers might vary based on 
different interpretations. 

Qla. How much do they cost? 

Ala. High precision receivers vary greatly in terms of their mission requirements 
and applications. Therefore, there is also a wide variation in cost. On the lower end 
of the high precision market, receivers cost between $4,000 and $20,000. On the 
higher end, receivers can be as high as $40,000 to $50,000, occasionally even higher. 

Qlb. What is the normal upgrade or re -equipage cycle for these GPS receivers at fed- 
eral departments and agencies? 

Alb. The federal agencies were not able to provide an estimate of their normal up- 
grade time, but federal users do typically keep their equipment much longer than 
their commercial counterparts. Certain high precision applications, for example 
aviation infrastructure, would require longer — as much as 10-15 years. Fifteen 
years was also the upper end identified by GPS Industry in the FCC-directed Tech- 
nical Working Group final report. It should be noted that LightSquared disputed 
this estimate and believes it could be accomplished in significantly less time. 

Q2. LightSquared has agreed to a “standstill” on the use ofthe “upper” portion of 
their spectrum, the portion closest to the GPS signal. LightSquared has stated 
they would like to work with the GPS community to develop mitigation strate- 
gies in order to initiate commercial operations of the upper spectrum within two 
to three years. 

Q2a. Are federal agencies prepared to upgrade or re-equip all their GPS equipment 
in that time frame? 

A2a. No federal agency has indicated they are prepared to upgrade or re-equip in 
this time frame. 

Q2b. What would be the cost to implement this strategy at federal departments and 
agencies? 

A2b. No feasible mitigation has been proposed for tbe “upper” portion of the spec- 
trum. Even the LightSquared-compatible receiver recently announced by JAVAD 
GNSS does not mitigate upper channel induced interference. No credible estimate 
of implementation cost can be provided until the set of effective mitigation solutions 
is identified and fully tested. Certainly re-equipage of GPS equipment across the 
Federal Government would cost tens of billions of dollars if it is necessary. 

Q2c. Is two to three years a reasonable time frame to expect federal agencies to up- 
grade or re-equip? 

A2c. No, there is no way federal agencies would be able to accomplish such wide- 
spread equipment changes in this time frame. We have one previous data point on 
how long is “reasonable” when faced with the issue of upgrading or re-equipping. 
In 2008, a Memorandum of Understanding (MOU) between the Departments of De- 
fense and Transportation was set to expire, which had allowed the used of “semi- 
codeless” techniques. These techniques took advantage of the encrypted military sig- 
nal to augment the accuracy of civil applications. Because this decision impacted 
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several hundred thousand civilian high precision receivers, the Federal Government 
spent considerable time analyzing the impacts and engaging industry to quantify 
the installed base affected, estimate its economic value, and determine an accept- 
able time frame for deferring the planned GPS military signal medications to allow 
an extension of semi-codeless accesss for civilian GPS access. It took longer to con- 
duct interagency coordination of the task statement than the entire amount of time 
devoted to LightSquared testing. 

Office of the Secretary of Defense (OSD) authorized deferral of changes to the 
military GPS signal until December 31, 2020, so that civilian users of semi-codeless 
GPS augmentations techniques could have more time to upgrade or change to alter- 
natives. OSD established and announced this revised policy via Federal Register no- 
tification. That is more than 12 years after an effective migitation was identified. 

Q3. LightSquared’s modified business plan starts commercial operations with just 
the “lower” portion of its spectrum and will be limited to urban areas. Does this 
satisfy your concerns about short-term interference issues to wideband and high 
precision GPS receivers? If not, why not? 

A3. No, the modifications to LightSquared’s plans have not satisfied the concerns 
about interference to GPS receivers. During the first round of GPS interference test- 
ing, the limited tests performed using only the lower LightSquared channel dem- 
onstrated significant interference to wideband, high precision GPS receivers. Accord- 
ing to the FCC-directed Technical Working Group Report’s Executive Summary, 31 
of 33 high precision receivers experience harmful interference even with trans- 
missions restricted to the “lower” portion of the LightSquared spectrum allocation. 
In addition, many of these receivers — supporting a diverse set of important applica- 
tions — are used in urban environments and will be affected by the first day of 
LightSquared operations. 

On behalf of multiple federal agencies, we recommended to NTIA additional test- 
ing be performed to better understand the interference effects of the lower channel 
on high precision receivers, and to determine whether receiver mitigation techniques 
proposed by LightSquared are effective. Both NTIA and FCC have concurred with 
this recommendation, and we expect NTIA to request this testing as soon as 
LightSquared can provide the propsed receiver mitigation hardware. 

Q4. Given that LightSquared has clearly shown that it intends to ultimately utilize 
both the upper and the lower portion of its spectrum, even with its new business 
proposal to start with just the lower portion, how is the new proposal really any 
different to your agency than their original proposal? 

A4. Their new proposal is significant and constructive. It reduces the impact to 
most GPS receivers in the near term and provides several years to find mitigations 
(if they exist) for the second phase of their implementation. However, 
LightSquared’s filings and their congressional testimony to several committees indi- 
cate they still intend to operate in both the lower and upper portion of their identi- 
fied spectrum. Therefore, the end-state remains unchanged and the extensive test- 
ing by LightSquared, GPS industry, and the government all indicate unresolved in- 
terference problems that cannot be addressed in the expected time frame. Contrary 
to media accounts, neither LightSquared nor the FCC have taken upper channel op- 
erations “off the table.” 

Q5. I understand there are now other companies exploring a similar terrestrial 
broadband business plan but in an entirely different part of the spectrum that 
would not interfere with the GPS signal. If we can accommodate the President’s 
goals for the Broadband Initiative using spectrum that doesn’t interfere with 
GPS, why should we risk the taxpayer investment in GPS? 

A5. We strongly support protecting the taxpayer investment in GPS including the 
modernization of GPS to ensure innovative new applications in the future. At the 
same time, we continue to support the President’s goals to identify 500 MHz of spec- 
trum to make available for innvative mobile broadband services. We welcome all 
new entrants to the broadband marketplace provided they demonstrate they can 
provide new broadband services without jeopardizing existing and planned space- 
based Positioning, Navigation, and Timing (PNT) capabilities. 

Q6. Will the filters proposed by JAVAD GNSS and LightSquared mitigate the inter- 
ference problem to wideband and high precision GPS receivers? If not, why not? 

A6. Maybe. JAVAD GNSS claims its filters mitigate the interference problem for 
the first phase (“lower 10 MHz”) of LightSquared’s planned deployment. Although 
currently this applies to only the small number of precision receivers built by 
JAVAD GNSS, the company also claims it can adapt their proprietary solution to 
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devices built by other manufacturers. Other manufacturers are also working inde- 
pendently on designing solutions for their own systems. It should be noted this solu- 
tion does not mitigate upper channel overload interference or the intermodulation 
products that will occur when LightSquared implements their upper channel, which 
is still in their plans as filed with the FCC. This JAVAD GNSS solution, by itself, 
also does not mitigate the co-channel interference to GPS augmentation systems like 
StarFire and OmniStar that receive signals from satellite service providers, such as 
LightSquared and Inmarsat, in the Mobile Satellite Service (MSS) band. However, 
if JAVAD GNSS is able to demonstrate they have successfully done as they have 
claimed, it represents a very significant step to resolving the problems for many 
users. 

Q6a. If so, what testing has been done to demonstrate their effectiveness? If filters 
are developed and tested, how long would it take to retrofit existing units? How 
much would this cost? 

A6a. We are not aware of any independent testing done to demonstrate the effec- 
tiveness of this solution. Extensive, independent tests must be conducted once hard- 
ware is made available. The testing must not only ensure the filtering out of the 
LightSquared transmission, but also verify required performance characteristics can 
still be met with the modified devices. At this time, it is unclear how long it would 
take to retrofit existing units, and LightSquared has stated it may not be possible 
to retrofit some types of units. We do not know how much retrofitting would cost 
for those units where it is feasible to do so. 

Q7. Are there currently any mitigation strategies that make sense for wideband or 
high precision GPS receivers? 

A7. The three key strategies for mitigation LightSquared interference to GPS are: 
(1) frequency separation, (2) physical separation, and (3) reduction in the 
LightSquared transmitted power. LightSquared has already offered to move (tempo- 
rarily) from the GPS boundary as far as possible within the band allocated to MSS. 
They have also proposed a subtantial reduction in their authorized tramsmit power. 
LightSquared has expressed some flexibility in working with the federal agencies on 
the location of their towers to protect certain fixed installations (for example, mili- 
tary training facilities) that must use wideband GPS receivers. Physical separation 
is a major factor since the resulting interference power reduces with the square of 
the separation distance. 

In addition to mitigation measures that LightSquared can do on the transmit side, 
there are also potential strategies for mitigation on the receiver side. The most log- 
ical mitigation strategy for the lower portion of the MSS spectrum is to reduce the 
bandwidth and steepen the “cutoff’ slope of the radio frequency (RF) filters used by 
GPS receivers; however, this will likely result in some accuracy and performance 
degradation to the receivers. Precision GPS receivers traditionally have used very 
wideband filters to capture as much GPS signal energy as possible in order to 
achieve the best possible accuracy. Another reason for the wideband filters is to 
allow reception of differential correction signals from communications satellites in 
the MSS band, which improve navigation accuracy. Precision agriculture and some 
military applications depend on these correction signals. Relocation of these correc- 
tion signals to the top of the MSS band and not transmitting terrestrial signals in 
the upper part of the MSS band are both necessary in order to contemplate a way 
to mitigate terrestrial signals in the lower part of the band. Whether mitigation fil- 
ters can be successful without impairing present or future accuracy has not been 
confirmed. 

There is no known mitigation strategy for mitigation of the interference resulting 
from use of the upper portion of the MSS band. 

Q8. Mr. Carlisle states in his testimony that “the GPS manufacturers failed to raise 
issue at the FCC when it was developing its rules and could have addressed this 
issue in the design of their receivers years ago.” 

Q8a. Does identifying who is to blame for the current interference issues minimize 
the interference to U.S. government receivers today? 

A8a. No. 

Q8b. Does the fact that GPS companies did not mention these issues in the past min- 
imize interference to U.S. government receivers today? 

A8b. No. 
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Q8c. To your knowledge, did the U.S. Government raise concerns (at any time) about 
potential interference to high precision receivers that “look” into spectrum li- 
censed to LightSquared? 

A8c. GPS interference concerns with respect to Ancillary Terrestrial Component 
(ATC) operation in the MSS hand were raised immediately hy the federal agencies 
through the NTIA when LightSquared’s predecessor first sulamitted their applica- 
tion in 2001. At the time, the primary interference concern was out-of-hand-emis- 
sions (OOBE). LightSquared successfully developed a custom filter for their hase 
stations that mitigates OOBE interference. The concerns about “overload” or desen- 
sitization interference effects that severely affect wideband GPS receivers — many 
used for high precision applications — were not raised within the Eederal Govern- 
ment until relatively recently. The government raised a concern about this par- 
ticular type of interference effect in December 2010. Prior to that time, GPS had 
some protection from overload interference effects because of the satellite “gating” 
requirements for dual mode (terrestrial/satellite) handsets the EGG included in the 
original 2003 Order and in all subsequent Orders between 2003 and 2010. 

Based on federal agency comments, NTIA wrote a letter to ECO (January 12, 
2011) which raised significant interference concerns and conveyed the agencies’ de- 
sire to have a waiver decision deferred pending testing. On that date the Deputy 
Secretary of Defense also wrote to the FCC Defense Commissioner citing national 
security concerns and also strongly recommending deferral. To address these con- 
cerns, the FCC made the January 26, 2011, ATC waiver approval — which waived 
the gating requirements for the first time — conditional on resolving the overload in- 
terference to GPS. 

Q9. I understand that you have proposed additional testing of the LightSquared pro- 
posal over the next six months. What type of GPS receivers would be tested? Are 
there specific areas that are of more concern than the others? 

A9. The Government’s evaluation conducted by the National Space-Based Posi- 
tioning, Navigation, and Timing Systems Engineering Eorum (NPEF) from February 
to May of this year had some significant limitations. I described these limitations 
in detail in my testimony to this Committee. The NPEF final report recommends 
an additional evaluation period of at least six months to enable completion of a thor- 
ough assessment of LightSquared’s network. Some of the specific reasons identified 
for this additional testing: (1) Testing of LightSquared’s new signal configuration 
(“10 MHz Low”) which had not been identified at the time of the NPEF testing; (2) 
Effects of multiple ATC towers instead of one tower (interference effects aggregate); 
(3) Testing of timing receivers which the NPEF could not evaluate due to schedule 
constraints; (4) Systems-level testing vice just looking at GPS receivers; (5) Testing 
of propsed mitigation strategies; and (6) Testing of LightSquared handsets which 
were not available to the government during the NPEF testing. This additional test 
period has not been directed or authorized at this time. 

Separate from the additional testing recommended above, the NTIA requested (on 
September 9, 2011) that the NPEF revalidate two of the seven areas tested by the 
FCC-directed Technical Working Group. These areas focus on cellular devices and 
General Location/Navigation systems such as personal navigation devices used by 
consumers in their cars. This effort is underway and we expect to complete testing 
of these two areas by November 30, 2011. 

QIO. What is the National Coordination Office’s official recommendation to the FCC 
for granting a final license to LightSquared? Please explain your concerns. 

AlO. The National Coordination Office (NCO) is an administrative office serving 
the National Space-Based Positioning, Navigation, and Timing Executive Com- 
mittee. It is not a decision-making or policy-making body. Therefore all NCO rec- 
ommendations are provided through the Executive Committeee and not directly to 
FCC. Ultimately, NTIA filed the measurement recommendations on behalf of the 
Administration. 

The Executive Committee’s recommendations are: 

• LightSquared should not commence commercial services per its planned deploy- 
ment for terrestrial operations in the 1525 — 1559 MHz Mobile-Satellite Service 
(MSS) Band due to harmful interference to GPS operations. 

• The U.S. Government should conduct more thorough studies on the operation, 
economic, and safety impacts of operating the LightSquared Network, to include 
compatibility of ATC architectures in the MSS L Band with GPS-dependent ap- 
plications, signal configurations not currently in LightSquared planned spec- 
trum phases, effects on timing receivers, and transmissions from LightSquared 
handsets. 
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The Executive Committee (EXCOM) remains concerned the interference issues are 
still not resolved, despite several constructive mitigation proposals from 
LightSquared. The EXCOM would like to see thorough testing of all proposed miti- 
gation strategies. In addition, the EXCOM has expressed concern about the need for 
a defined “end-state.” LightSquared’s authorization, their recommendations filed 
with the FCC, and their testimony to three Congressional Committees all refer to 
using both the lower and upper channels. The upper channel transmission has 
beeen discribed as being put in “standstill,” but that term lacks clarity and makes 
it difficult to fully estimate the ultimate cost and timeline for interference mitiga- 
tion. 

Qll. How much would additional testing on high precision receivers cost? 

All. There has not been any cost estimate done on how much additional testing 
of high precision receivers would cost. We have taken an initial inventory of how 
many high precision devices are in use by federal agencies, but no testing has been 
initiated to date. 

Qlla. Do agencies already have funding available to conduct this testing? 

Alla. No agency has funding to conduct this testing. Multiple agencies have raised 
the lack of funding as a concern if we are asked to complete this testing in a timely 
fashion. 

Qllb. Has LightSquared offered to fund additional testing on their new proposal? 

Allb. Yes, LightSquared has offered, in general terms, to partially fund this test- 
ing and has offered in-kind services such as use of their contracted test facilities 
and LightSquared hardware. It is not clear if federal agencies can accept the fund- 
ing LightSquared is offering. The NCO continues to address this issue through dis- 
cussion with government legal counsel, but has not yet identified a mechanism 
where we can accept this offer. 

Q12. Have you been involved in any efforts to quantify the potential costs to the Fed- 
eral Government of mitigating interference from the LightSquared proposal? 

A12. Yes. At the request of the National Executive Committtee for Space-Based Po- 
sitioning, Navigation, and Timing (EXCOM), I tasked each member agency to quan- 
tify costs of mitigating GPS interference and to provide their estimate to NTIA. The 
relevant text from my June 8th task letter is: 

• “To the extent possible, qualify, quantify, and describe risks to your agency’s 
GPS-based mission capability, including ‘lost benefits’ if GPS performance were 
degraded (or lost) due to LightSquared’s signals including the costs to modify 
(or replace) GPS receiver infrastructure and the time frame required to replace 
that infrastructure.” 

Q12a. Do you currently have any “order of magnitude” estimates of the total poten- 
tial costs? 

A12a. Some of the agencies that provided estimates to NTIA also provided the 
NCO a courtesy copy. Not all agencies were able to provide the requested estimates 
because of the uncertainties of the final end-state signal configuration and of the 
effectiveness of mitigation techniques. Some were able to answer only in general 
terms, while others did make an “order of magnitude” estimate. NTiA has asked 
me not to provide copies of these estimates to Congress because they are still consid- 
ered pre-decisional and part of the deliberative process of the Executive Branch. 

Q13. State and local governments are also heavy users of GPS equipment. Is any ef- 
fort being made to estimate the potential costs to state and local governments 
of mitigating interference from the LightSquared proposal? 

A13. I am not aware of any effort to provide an overall estimate of the impact to 
State and local governments. The FCC has regulatory responsibility over non-fed- 
eral users. State and local governments are very significant users of GPS and espe- 
cially high precision GPS. There are over 100 high precision networks, supporting 
tens of thousands of receivers, in use by 37 different States and more are being 
built. Some of the areas supported are: heavy construction, municipal surveying, 
high precision agriculture, roadwork, machine control, disaster response, emergency 
first responders, asset management, intelligent transportation, structural integrity 
monitoring, wastewater treatment service, water distribution systems, and many 
others. 

NITA represents federal agency interests in this matter. However, in their re- 
sponse to NTIA, several federal agencies (i.e.. Department of Transportation) also 



Ill 


have represented the concerns of non-federal entities they regulate. I am unaware 
of the manner and extent to which NTIA will factor in these concerns in its rec- 
ommendation to the FCC. The FCC is responsible for issues concerning State and 
local government use of spectrum, hut I am not aware of any attempt to estimate 
the cost impacts of interference mitigation on those entities. State and local govern- 
ments were allowed to file comments to the FCC Public Notice, and many did. How- 
ever, these include only anecdotal estimates for narrow application. A few examples: 

• The North Carolina Department of Agriculture cited: “Basic land navigation, 
forest fire response, suppression, and reporting affecting some 1,400 commu- 
nities at risk, fire suppression aviation assets such as firespotting aircraft and 
water-dropping helicopters and airplanes, and forest measurement services for 
300,000 private forestland owners. In addition, damaging America’s GPS would 
nullify over $1,000,000 of teixpayer investment in GPS-based tools for the NC 
Forest Service alone.” 

• The Wisconsin Department of Transportation has invested approximately $20M 
in a Height Modernization Program that relies on high precision GPS reference 
stations. They have over 900 registered users of the GPS Continuously Oper- 
ating Reference Station (CORS), a system our preliminary results indicate 
would be impacted by operation at “10 MHz Low.” 

• Houston County, a small rural county in Minnesota, told the FCC it invested 
$90,000 in high precision GPS equipment and would have to revert to more 
labor-intensive methods requiring additional personnel and longer delivery 
times. 

• The City of Bellevue in Washington State says survey projects that can be done 
with high precision GPS receivers in less than a year would require 10 years 
to complete with other methods. They estimate high precision GPS has saved 
them “many millions of dollars.” 


Questions Submitted by Ranking Member Eddie Bernice Johnson 

Ql. There seems to be a difference of opinion among LightSquared proponents and 
detractors on when federal agencies initially voiced concerns about the 
LightSquared network. In your view, when was the issue of potential inter- 
ference first surfaced by federal agencies, what triggered agencies’ concerns, and 
what was your office’s involvement? Were these concerns relayed to the FCC? 
What was the FCC’s response? 

Al. Federal agencies immediately raised concerns about potential interference to 
GPS when LightSquared’s predecessor company applied for a license in 2001 for an 
Ancillary Terrestrial Component (ATC) to its Mobile Satellite Service (MSS). These 
concerns primarily dealt with Out-of-Band-Emissions (OOBE), or transmissions 
from LightSquared’s signals that would bleed into GPS’s band. Through collabora- 
tion between federal agencies, LightSquared’s predecessor, the GPS industry, and 
NTIA, the FCC addressed the concerns in its rulemaking. Since then, LightSquared 
invested considerable money to have custom filters designed for their transmitters 
to meet OOBE restrictions. Government testing confirms that LightSquared base 
station transmissions meet the OOBE requirements established in the original rule- 
making. We have not yet conducted testing on potential OOBE created by 
LightSquared handsets, since no handsets have been available for testing. 

A second type of interference effect is called “Intermodulation” and occurs when 
transmissions from the two high power LightSquared channels interact with the 
front end of a GPS receiver to create a third signal (also called an “Intermodulation 
Product”) inside the receiver. NTIA raised this as a concern to FCC in 2002. At the 
time, there were no LightSquared base stations or hardware available to conduct 
testing. Recent government testing of actual hardware in 2011 found that inter- 
modulation effects did occur with dual-channel LightSquared transmissions and the 
intermodulations product is unfortunately created in the center of the GPS receive 
frequency band. LightSquared has acknowledged this effect and points out that it 
will not occur if they only broadcast one channel in the lower half of their spectrum. 
The issue is unresolved for the eventual dual-channel transmissions. 

A third type of interference called “overload” or “desensitization” interference in- 
volves the inability of current filters on GPS receivers to screen out the high power 
signals from nearby terrestrial base stations. Some GPS reveivers also intentionally 
use filters wide enough to receive signals from across the MSS band. One reason 
for this is to receive correction signals from MSS providers (like LightSquared) that 
improve the accuracy of GPS signals. LightSquared’s proposed transmissions are 
properly within their own band, but are billions of times more powerful than the 
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weak satellite signals that are currently operating in the Mobile Satellite Service 
band. To the best of my knowledge, federal agencies did not raise overload inter- 
ference to GPS as an issue until December 2010, in part because of assumptions 
GPS was protected by satellite “gating” requirements which forced terrestrial 
handsets to also be capable of working with the MSS satellite. 

Neither my office, nor the Executive Committee it serves, existed in 2001-2002, 
when the federal agencies first raised concerns about MSS/ATC interference. How- 
ever, we have been involved in the current issue concerning overload interference. 
The issue of overload interference was brought to my attention on December 21, 
2010, in the context of LightSquared’s application for a waiver to the integrated 
service rules which would have resulted in a de facto repurposing of the spectrum 
for terrestrial broadband instead of MSS. This represented a significant change to 
the interference environment in terms of the number and density of the ATC base 
stations we would expect to see. I immediately brought the issue to the attention 
of the Executive Steering Group (Assistant Secretary-level) and on December 27, I 
wrote to NTIA to request that any action on LightSquared’s request for waiver be 
deferred until testing could be performed. On January 3, 2011, I provided a point 
paper to all the members of the Executive Committee (Deputy Secretary-level) and 
requested the Deputy Secretary of Defense engage the FCC Chairman to seek a 
delay to the waiver decision until specific interference effects and mitigation actions 
could be identified. 

Based on the engagement of the Co-Chairs of the Executive Committee (Mr. Lynn 
and Mr. Porcari) with NTIA and FCC, as well as senior level engagement from all 
of the departments that are GPS stakeholders, the FCC agreed to grant the waiver 
only on a conditional basis. One of the conditions stated that LightSquared is not 
to commence commercial operations until the overload GPS interference concerns 
are resolved. On September 13, the FCC issued a Public Notice [DA 11-1537] stat- 
ing additional targeted testing is needed to ensure any potential commercial terres- 
trial service offered by LightSquared will not cause harmful interference to GPS op- 
erations. 

Q2. A terrestrial network was envisioned by LightSquared’s predecessors as a fill- 
in to their mobile satellite services. They have had permission to build an exten- 
sive terrestrial network for eight years. Can you explain why federal agencies 
waited until just recently to point out that such ground-based towers could 
drown out GPS signals^ 

A2. This question contains an incorrect premise. Eight years ago, LightSquared’s 
predecessor received permission to build an ancillary terrestrial network, not an ex- 
tensive network. There are a number of serious constraints that went along with 
this permsision, and ancillary was defined by FCC (in part) as being “for the pur- 
pose of augmenting signals in areas where the principal service signal, the satellite 
signal, is attenuated.” The examples given were urban areas where the buildings 
might block a satellite signal and inside buildings. 

Eight years ago, the FCC Order authorizing ancillary terrestrial service also con- 
tained strict technical limits on the transmit power, the bandwidth, the total num- 
ber of terrestrial base stations, and other parameters. Many of these limits were 
changed over the years in reconsideration actions, modfications, amendments, and 
waivers. There is absolutely nothing wrong with this; requirements, market condi- 
tions, and technology all evolve over time so the rules need to evolve also. However 
it is not accurate to equate the system LightSquared proposes today with what was 
envisioned when the predecessor received permission in 2003. 

Two important restrictions on ATC use did not change between 2003 and 2011: 

(1) The terrestrial service needed to remain ancillary to the satellite service, and 

(2) terrestrial and space services must remain integrated. The purpose for the latter 
requirement was acknowledged by LightSquared’s predecessor in its application in 
2001. “Because MSV’s <Mobile Satellite Venture> own satellite system will be the 
most affected by signals generated by ancillary terrestrial operations, it will have 
every incentive to monitor and minimize these signal levels in order to ensure that 
the quality of its satelllite service is not compromised.” In other words, the inte- 
grated service rules requiring terrestrial handsets to be able to communicate with 
the satellite ensure intererence protection fo GPS because of the self-interference 
issue. 

This integrated service rule is not a minor administrative technicality. Two 
months before LightSquared applied for its waiver to this rule, GlobalStar had its 
license suspended for failing to meet the appropriate criteria. The criteria FCC es- 
tablished are "... intended to ensure compliance with the ancillary requirement.” 
While many of the technical criteria in the various FCC Orders are difficult for non- 
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spectrum experts to comprehend, the FCC’s made its intent in these Orders crystal 
clear. Examples from the 2003 Order: 

• “The purpose of our grant of ATC authority is to provide satellite licensees flexi- 
bility in providing satellite services that will benefit consumers, not to allow li- 
censees to profit by selling access to their spectrum for a terrestrial-only serv- 
ice.” 

And 

• “We reiterate our intention not to allow ATC to become a stand-alone system 
. . . We will not permit MSS/ATC operator to offer ATC-only subscriptions ... .” 

So while it is legitimate to question why federal agencies did not act more force- 
fully to the easing of some of the technical restrictions that occurred incrementally 
throughout 2003-2011, the principal change to the nature of the terrestrial service 
was not anticiated until LightSquared’s November 2010 request that essentially 
changes the entire purpose of the spectrum. FCC’s conditional waiver of the inte- 
grated service rules allows changes that had asserted would “never” be permitted 
and now permits — for the first time in this band — a primary and stand-alone terres- 
trial service. However, the FCC also clearly made this change conditional on resolv- 
ing the GPS interference conerns and that work is in progress. 

Q3. NOAA’s prepared statement says that its engineers are concerned that a filter 
capable of blocking out the powerful LightSquared signal at the lower channel 
may also prevent the receiver from detecting the GPS signal, rendering it use- 
less. 

Q3a. In your opinion, is it technically feasible to design a filter that simultaneously 
allows GPS users to listen to signals in LightSquared’s allocated bandwidth 
and block LightSquared’s signals? 

A3a. In my opinion, yes, it is possible to block LightSquared signals in the lower 
channel while allowing GPS receivers to receive signals in the upper part of 
LightSquared’s band. LightSquared has recently announced partnership with a GPS 
manufactureer and with a filter company and has provided information to NTIA and 
FCC supporting the feasibility of this. The federal agencies have not yet been pro- 
vided this information or conducted testing of these concepts. 

However, the key issue is not simply blocking out LightSquared signals, but being 
able to still perform the intended mission of the receiver after adding this filtering. 
Filters add cost and weight to a receiver and cause performance problems such as: 
signal attenuation, increased thermal noise floor, phase and group delay variations 
with temperature and between frequencies, and loss of narrow correlator processing 
benefits. Because of the diversity of high precision GPS applications, thorough test- 
ing of modified receivers integrated with proposed changes to antennas and the new 
filter must be conducted before we can evaluate whether LightSquared’s proposal 
mitigates the interference issues. 

Q3b. Can you estimate its cost? 

A3b No, we currently do not have sufficiant information. 

Q3c. ’What are the challenges associated with certifying such filters for aviation use? 

A3c. The Federal Aviation Adminstration (FAA) could provide a more complete an- 
swer, but I do know the airworthiness process requires a very detailed assessment 
of all hardware and software functions to ensure no unintended effects that would 
create a safety issue. This process typically takes five years to certify new devices 
once there is a new agreed-upon technical standard. Retrofitting aviation systems 
with newly certified devices can take another 10 years or more. 

Q4. What can Congress do to protect the future value of spectrum and ensure user 
receivers do not bleed into spectrum not assigned to them? 

A4. The Executive Committee has not sought any congressional action and remains 
committed to working these concerns through the regulatory process with NTIA and 
FCC. 

Q4a. What are the challenges associated with establishing receiver standards to pre- 
clude devices from picking up unintended spectrum? 

A4a. The primary challenges are the size and diversity of the installed user base 
and the lengthy transition time it would take to implement significant changes. 
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Q5. Your testimony highlights testing that was conducted by federal agencies inde- 
pendent of the work mandated by the FCC. Can you quantify the level of re- 
sources and staff time expended in doing such testing? 

A5. The original testing conducted by the National Space-Based Positioning, Navi- 
gation, and Timing Engineering Forum (NPEF) was initiated February 9, 2011, and 
concluded in a final report signed June 2, 2011. The effort involved support from 
all members of the agencies that make up the Executive Committee. The total cost 
to government agencies of this first round of testing was approximately $1.2M. This 
does not include the considerable efforts that have been done in support of 
LightSquared analysis outside of this particular test phase, such as the 10 govern- 
ment personnel who were detailed to support the Technical Working Group, the peo- 
ple who supported the FAA/RTCA analysis, or the staff personnel who have been 
trying to keep senior agency leaders. White House officials, and congressional staff 
informed about the complex issues raised in this testing. 

Q5a. Were there any lessons learned that federal agencies might apply if called on 
to conduct more interference testing? 

Aba. Yes. This testing has made us much more aware the government does not 
have a standing infrastructure to conduct this type of technical assessment in the 
very short time frames requested. The testing we did was successful, but ad hoc and 
with significant limitations. More time is needed in upfront planning to include the 
identification of personnel, test facilities, and other resources. Because no funding 
or personnel lines exist for this type of work, everything used to support this testing 
had to be reallocated from other tasks and negatively impacted the intended use of 
those resources. Limitations on resources limited the test, especially in terms of the 
numbers and types of devices that could be tested. 

More time is needed regarding the identification of test articles because GPS is 
essential to so many different applications. And more time is needed for the coordi- 
nation and staffing of results and analyses at the end of testing because of the large 
number of government agencies that are stakeholders. 
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Responses by Ms. Mary Glackin, Deputy Under Secretary, 

National Oceanic and Atmospheric Administration 

Questions submitted by Chairman Ralph Hall 

Ql. How common are the wideband and high precision GPS receivers that are at 
risk of interference from LightSquared’s modified business plan that starts com- 
mercial operations with just the “lower” portion of its spectrum^ 

Qla. How much do they cost? 

Qlb. What is the normal upgrade or re-equipage cycle for these GPS receivers at 
your agency? 

Al, la, lb. Wideband, high-precision GPS receivers are commonly used throughout 
the construction, mining, surveying, and agricultural industries. They are also used 
in shipping port operations, offshore oil rig positioning, pipeline and cable infra- 
structure mapping, and other critical business operations. Within the government, 
such GPS equipment is widely used for geodesy, surveying, earthquake monitoring, 
weather forecasting, spacecraft control, space-based Earth observations, sea level 
measurement, and many other applications. 

Wideband GPS receivers are high-end products that are much more expensive 
than consumer-grade GPS gear. A typical wideband receiver costs thousands of dol- 
lars per unit. Some cost tens of thousands of dollars. Many are used in broad net- 
works consisting of hundreds or thousands of high-precision receivers, such as 
NOAA’s nationwide network of over 1,800 Continuously Operating Reference Sta- 
tions (CORS). The receivers that make up CORS are owned and operated by over 
200 government, academic, and private organizations. NOAA presently owns 85 re- 
ceivers. The cost for replacing these receivers would be approximately $22,000 to 
$27,000 per site. 

Users in the government and in the commercial sector expect their capital invest- 
ments in high-precision GPS equipment to last for many years — typically, a decade 
or longer. As a point of reference, in 2008, when the U.S. Government announced 
its intent to phase out certain types of wide band, high precision GPS equipment 
known as “semi-codeless” receivers, it gave users until December 31, 2020 — 12 
years — to re-equip. This extended time period was chosen to allow users to replace 
their costly GPS equipment as part of their normal recapitalization and upgrade 
cycle. 

Q2. LightSquared has agreed to a “standstill” on the use of the “upper” portion of 
their spectrum, the portion closest to the GPS signal. LightSquared has stated 
they would like to work with the GPS community to develop mitigation strate- 
gies in order to initiate commercial operations of the upper spectrum within two 
to three years. 

Q2a. Is NOAA prepared to upgrade or re-equip all their GPS equipment in that time 
frame? 

Q2b. What would be the cost to implement this strategy within your agency? 

Q2c. Is two to three years a reasonable time frame to expect federal agencies to up- 
grade or re-equip? 

A2-2c. NOAA is not prepared to support a replacement or upgrade of all our GPS 
equipment in order to mitigate LightSquared use of the upper spectrum within two 
to three years. At this time, we do not have a complete estimate of the cost of all 
NOAA GPS receivers. We do not believe it is reasonable to expect federal agencies 
to upgrade or re-equip any GPS equipment before suitable mitigations have been 
identified, fully verified, costed, and made available. 

Q3. LightSquared’s modified business plan starts commercial operations with just 
the “lower” portion of its spectrum and will be limited to urban areas. Does this 
satisfy your concerns about short-term interference issues to wideband and high 
precision GPS receivers? If not, why not? 

A3. No, the modifications to LightSquared’s plans have not satisfied NOAA’s con- 
cerns about interference to wideband, high precision GPS receivers. During the first 
round of GPS interference testing, the limited tests performed using only the lower 
LightSquared channel demonstrated significant interference to wideband, high pre- 
cision GPS receivers. NOAA supports recent calls for additional testing to better un- 
derstand the interference effects of the [ower channel on high precision receivers, 
and to find out whether receiver mitigation techniques proposed by LightSquared 
are effective. 
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Q4. Given that LightSquared has clearly shown that it intends to ultimately utilize 
both the upper and the lower portion of its spectrum, even with its new business 
proposal to start with just the lower portion, how is the new proposal really any 
different to your agency than their original proposal? 

A4. In terms of the impacts to NOAA operations, and the potential costs to re- 
equip, we still have the same concerns we had under LightSquared’s original oper- 
ating plan. 

Q5. I understand there are now other companies exploring a similar terrestrial 
broadband business plan but in an entirely different part of the spectrum that 
would not interfere with the GPS signal If we can accommodate the President’s 
goals for the Broadband Initiative using spectrum that doesn’t interfere with 
GPS, why should we risk the taxpayer investment in GPS? 

A5. The President has set a goal of repurposing 500 MHz. The Administration con- 
tinues to explore whether LightSquared can implement its proposed system while 
protecting GPS. 

Q6. Does NOAA feel that adequate testing has been done on all of the issues associ- 
ated with LightSquared interference on the agency’s missions? Should there be 
more testing on high precision units? 

A6. NOAA concurs with the National Space-Based Positioning, Navigation, and 
Timing Executive Committee (PNT EXCOM) that adequate testing has now been 
completed and no additional testing is warranted at this time. 

Q7. Will the filters proposed by JAVAD GNSS and LightSquared mitigate the inter- 
ference problem to wideband and high precision GPS receivers? If not, why not? 
If so, what testing has been done to demonstrate their effectiveness? Who should 
pay for this testing? 

A7. Javad GNSS announced new receivers in September, but we have not had a 
chance to test them or review any test results associated with them. In order to 
mitigate the interference to wideband and high precision GPS receivers, the equip- 
ment must not only block out the jamming effects of the LightSquared signal, but 
also demonstrate high precision performance similar to today’s equipment. In addi- 
tion to new receivers, Javad and other companies have also announced filters that 
may be retrofitted onto existing high precision equipment. We have not had an op- 
portunity to test these filters. Again, it is not enough to block out the jamming ef- 
fects using filters; existing receivers must be able to continue delivering high preci- 
sion measurements, or they will fail to perform their intended function. 

Q8. Are there currently any mitigation strategies that make sense for wideband or 
high precision GPS receivers? 

A8. The National Space-Based PNT Systems Engineering Forum explored a wide 
range of potential mitigation strategies but could not identify any feasible solution 
other than to move LightSquared’s terrestrial transmissions to another part of the 
radio spectrum, far away from GPS bands. At this time, there are no known mitiga- 
tion strategies for LightSquared’s use ofthe upper 10 MHz band. We believe the 
power levels proposed by LightSquared for the lower 10 MHz signal may be impos- 
sible to overcome unless filter solutions are demonstrated that can mitigate the in- 
terference without impacting receiver performance. 

Q9. How much would it cost your agency to mitigate the interference issues from the 
LightSquared signal on your missions? 

Q9a. Does your agency currently have funds set aside for this purpose? 

A9, 9a. At this time, we do not have a complete estimate of the cost of all NOAA 
GPS receivers that would need to be replaced or upgraded to mitigate 
LightSquared’s proposed signals. NOAA’s current budget does not include any fund- 
ing for GPS interference mitigation. 

QIO. Since August 15, the FCC has had the ability to rule on the LightSquared pro- 
posal, and to my knowledge, NTIA has yet to submit comments to the FCC on 
behalf of affected agencies. 

QlOa. Has NTIA provided your comments to the FCC? 

QlOb. Will NOAA submit its comments directly to the FCC if NTIA fails to do so? 
If so, when? 

QlOc. Would you agree that your agency’s assessment should be made public so that 
everyone can understand the extent to which LightSquared interference to 
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GPS will impact the ability of your agency to perform its duties, and the costs 
that may be incurred due to this interference^ 

AlOc . NOAA has followed, and will continue to follow, the established process by 
which federal agencies provide comments to the FCC through NTIA, the Adminis- 
tration’s lead agency for spectrum policy matters, rather than each agency submit- 
ting comments directly to the FCC. The impact statements contain core deliberative 
communications from Executive Branch agencies that provide critical advice to 
NTIA in its role as spectrum manager on behalf of the Federal Government. Agency 
inputs as part of this deliberative process have not been released to the public. 

Qll. I understand from my staff that were briefed by NOAA officials that there are 
significant issues with interference from the LightSquared signal on the GPS 
signal utilized in major NOAA systems used for weather forecasting, climate 
observation, search and rescue, vessel navigation, emergency response mapping, 
geodesy, time distribution, and census operations. Do you have an estimate on 
what the costs to NOAA may be to mitigate interference from the LightSquared 
signal? 

All. We have some rough estimates on costs to mitigate LightSquared interference 
to a few specific NOAA systems, but we do not have an estimate for the total cost 
to mitigate all systems across NOAA. If LightSquared is allowed to proceed with 
operations involving signals in both the upper and lower 10 MHz, we are concerned 
that this would negatively impact currently operational capabilities essential to our 
mission. 

Q12. Given that LightSquared has modified its original business plan to start com- 
mercial operations with just the “lower” portion of its spectrum, the spectrum 
furthest away from the GPS signal, do you feel that there has been adequate 
testing on the impacts to NOAA’s systems if their latest proposal is approved? 

A12. Adequate testing has not been completed at this time. NTIA and FCC re- 
cently called for additional testing to better understand the interference effects 
caused by LightSquared’s lower channel only. Part of this testing, focusing on cel- 
lular and general/personal navigation receivers, has just been completed, but the 
data have not been analyzed. NOAA actively participated in the latest testing and 
will also engage in the future testing involving wideband receivers. Please note that 
the latest testing, like the original testing, occurred on an extremely compressed 
schedule that prevented us from testing all the equipment that could potentially be 
affected by the LightSquared proposals. 

Q13. I understand it is LightSquared’s stated intent to eventually utilize its entire 
authorized spectrum, including the upper portion near the GPS signal, as it 
builds out its network. How much time would be required to upgrade existing 
equipment, and how much would that cost? 

Q13a. Does NOAA currently have funding available for these upgrades? 

Q13b. What would NOAA cut in order to fund these upgrades? 

A13-13b. At this time, we do not have a complete estimate of the cost of all NOAA 
GPS receivers that would need to be replaced or upgraded to mitigate 
LightSquared’s proposed signals. NOAA’s current budget does not include any fund- 
ing for GPS interference mitigation. NOAA cannot plan to upgrade or re-equip any 
GPS equipment before suitable mitigations have been identified, fully verified, 
costed, and made available. 

Q14. The limited testing conducted by the TWG showed significant interference from 
the LightSquared signal on high precision GPS equipment even with the newly 
proposed LightSquared strategy to limit initial commercials operations to the 
“lower” spectrum using less power. LightSquared maintains that filters can be 
developed to minimize their interference with the GPS signals. 

Q14a. Can you tell the Committee how NOAA plans to use filters to mitigate the in- 
terference issues? 

Q14b. What are the costs associated with developing these filters? 

Q14c. Since NOAA weather satellites are already in orbit and future satellites are 
already designed or built, how would those assets be affected? 

A14-14c. We have no current plans to use filters to mitigate interference to our 
high precision equipment, as the FCC has not approved LightSquared network oper- 
ations, and the proposed filters do not exist yet. We do not know what the filters 
would cost, but they will likely cost more than the $300-$800 price that Javad 
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GNSS cited to retrofit Javad’s own products. It is important to note that this cost 
only includes the hardware; it does not account for the significant labor costs in- 
volved in retrofitting, re-certifying, and retraining, nor does it include the oper- 
ational impacts of taking systems offline for upgrades. NOAA has hundreds of de- 
vices that may need upgrading. In the case ofthe six COSMIC satellites in space 
and the NPP satellite launched October 28, our latest analysis suggests that 
LightSquared’s lower channel will not affect the receivers used on the COSMIC sat- 
ellites. However, we remain concerned about potential interference to COSMIC if 
LightSquared eventually operates using its upper channel since we have no way of 
modifying the GPS receivers they carry on board. 

Q15. Approximately two months ago I asked all agencies within this Committee’s ju- 
risdiction to provide the Committee with the comments they submitted to NTIA 
regarding the LightSquared proposal. I have not yet received responses from 
NOAA, NIST, and DHS. Will NOAA agree to provide those comments to the 
Committee so that we, and the American people, can better understand the im- 
pact that the LightSquared proposal would have on NOAA operations? 

A15. NOAA has followed, and will continue to follow, the established process by 
which federal agencies provide comments to the FCC through NTIA, the Adminis- 
tration’s lead agency for spectrum policy matters, rather than each agency submit- 
ting comments directly to the FCC. The impact statements contain core deliberative 
communications from Executive Branch agencies that provide critical advice to 
NTIA in its role as spectrum manager on behalf of the Federal Government. Agency 
inputs as part of this deliberative process have not been released to the public. 

Q16. If LightSquared’s modified spectrum plan on June 30, 2011 (which only in- 
volves the lower 10 MHz) were to be implemented, what capabilities in service 
would the agency lose? 

A16. NOAA has several major capabilities at risk under the lower channel pro- 
posal. We need to do more testing to confirm the scope ofthe potential impacts. The 
capabilities include: 

• (1) GPS-based surveying of airport runways and shorelines; 

• (2) monitoring sea level trends (rise and fall), to protect natural and human 
communities; 

• (3) the Ground-Based GPS Meteorology project, which measures atmospheric 
moisture to improve short-term forecasts; 

• (4) issuance of the U.S. Total Electron Content product, to inform the public of 
space weather conditions affecting GPS accuracy; and 

• (5) maintaining the National Spatial Reference System, to ensure compatibility 
among U.S. maps and surveys. 

Q17. Please list the systems and functions that would be impacted by GPS inter- 
ference. 

Q17a. How would weather forecasting be impacted? 

A17, 17a. GPS interference — under both the original and modified LightSquared 
plans — threatens to disable or degrade our environmental satellites and sensors, 
causing data corruption and gaps that reduce the accuracy of our weather forecasts 
and warnings. We are particularly concerned that our Ground-based GPS Meteor- 
ology (GPS-Met) system, which depends on wideband GPS receivers, could be sig- 
nificantly impacted by LightSquared’s use of the lower channel. Loss of the data 
from GPS-based weather instruments would not stop us from predicting hurricanes 
and other severe weather, but our forecasts would be less accurate. For example, 
we would have to issue storm warnings to broader swaths of the Nation, causing 
needless public concern and the expense of needless evacuations, which can cost up 
to $1 million per mile of coastline. The hurricane warnings would become less accu- 
rate as landfall is approached due to LightSquared interference with GPS in the 
coastal areas. 

Q17b. How would climate observation be impacted? 

A17b. The same sensors we use for weather forecasting feed data into our longer- 
term climate models. The term “climate” refers to weather conditions any time in 
the future beyond two weeks. GPS interference would lead to degraded climate mod- 
eling accuracy. 

Q17c. How would search and rescue be impacted? 



119 


A17c. NOAA’s Search and Rescue Satellite-Aided Tracking (SARSAT) system re- 
lays distress signals via satellite from emergency beacons to the ground stations and 
mission control center, which sends alerts and beacon locations to search and rescue 
authorities. It is a major component of the International COSPAS-SARSAT system, 
a critical life and safety service with national and international requirements. 
SARSAT ground stations (Local User Terminals, or LUTs) utilize multiple GPS re- 
ceivers to determine and maintain precise time. LUTs calibrate the oscillators that 
keep time for the SARSAT instruments on GOES and POES satellites. GPS is also 
integrated into some distress beacons to determine the user’s location and include 
it in the distress alert. The ability of such beacons to independently and more accu- 
rately determine and report their locations greatly improves response times and the 
chances of a successful rescue. The current MSS/ATC rules require that all base sta- 
tions within 27 kilometer or within the radio horizon of a SARSAT LUT earth sta- 
tion be coordinated. This requirement applies to base stations operating throughout 
the 1525-1559 MHz band which would cover both the upper and lower 10 MHz sig- 
nal proposals from LightSquared. Given the coordination requirements in the cur- 
rent rules for SARSAT LUTs, GPS receivers used at LUTs should not be impacted 
by the LightSquared original or current spectrum proposal. NOAA is planning to 
conduct tests with LightSquared to verify the 27-kilometer coordination distance 
provides sufficient protection. GPS interference on land or along coasts would pre- 
vent GPS-enabled emergency beacons from reporting accurate distress locations. We 
hope to perform additional testing of GPS-enabled search and rescue beacons in the 
future. 

Q17d. How would vessel navigation be impacted? 

A17d. NOAA operates a fleet of 19 vessels in the Pacific and Atlantic Oceans for 
oceanographic, atmospheric, fisheries and coral reef research, nautical charting, en- 
vironmental monitoring and ocean exploration. The fleet employs a variety of GPS 
and differential GPS receivers for navigation and scientific use. Position Heading 
and Attitude Sensors are used to determine the vessel’s position, heading and atti- 
tude (heave, pitch and roll) with input from GPS receivers. If GPS service became 
unavailable and unreliable, NOAA vessels would be unable to perform many of their 
operations and missions. Overcoming these impacts would require extensive equip- 
ment purchases and installations on NOAA vessels (assuming a replacement system 
and equipment are available), the costs of which are not within our current oper- 
ational and capital budget. 

The existing MSS/ATC rules require that the emissions from a base station oper- 
ating in the 1525-1541.5 MHz and 1547.5-1559 MHz bands at the water edge of 
a navigable waterway is limited to a total power flux density (PED). Given the base 
station PED requirements in the current rules, GPS receivers on board vessels 
should not be impacted by the original or current spectrum proposal made by 
LightSquared. NOAA hopes to test some marine navigation equipment in a future 
round of interference testing to verify this is the case. 

Q17e. How would emergency response mapping be impacted? 

A17e. Following major disasters, NOAA flies aircraft over the affected areas to col- 
lect aerial imagery. Such imagery facilitates disaster relief efforts in areas affected 
by natural disasters, such as hurricanes, earthquakes, floods, etc., as well as man- 
made disasters such as oil spills. NOAA also deploys vessels after severe storm 
events to scan the seafloor for potential hazardous obstructions that may impede 
safe passage of the Marine Transportation System. GPS is used to georeference the 
aerial imagery and provides a spatial context to its suite of ocean mapping sensors, 
making it possible to identify areas devoid of landmarks and accurately map under- 
water hazards. Without accurate GPS, the locations of these features might not be 
known, and NOAA anticipates there would be resulting impacts on marine com- 
merce, as well as reductions in the U.S. government savings enabled by NOAA 
emergency response. Potential loss of savings enabled by NOAA emergency response 
imagery is estimated at $1.42 million per 10,000 affected homes, while a marine 
transportation shut-down in just Hampton Roads alone could impede an estimated 
$5 million worth of cargo every hour. We have not identified any possible mitigation 
for the loss of GPS in this function; NOAA would lose this capability. 

Q17f. How would geodesy be impacted? 

A17f. NOAA’s National Geodetic Survey uses a nationwide network of Continu- 
ously Operating Reference Stations (CORS) to define the National Spatial Reference 
System (NSRS). CORS is a network of high precision GPS receivers at over 1,800 
fixed reference stations across the United States that continuously observe the GPS 
satellite orbits and relay the data to a central archive. The NSRS and CORS data 
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are distributed to users via the Online Positioning User Service (OPUS), which proc- 
esses and corrects collected GPS measurements with high precision. NSRS also pro- 
vides the basis for real time positioning networks (RTNs) operated by states in sup- 
port of agriculture, maritime operations, surveying, floodplain mapping, etc. 

Based on initial testing, we believe the wideband, high precision GPS receivers 
in the CORS network are at risk of interference even if LightSquared only uses its 
lower 10 MHz channel. Without reliable GPS, the entire CORS network could be- 
come unusable, and we would be forced to use less accurate, more labor-intensive, 
and more costly methods to define the NSRS. For example, the cost to update the 
International Great Lakes Datum would increase from less than $30 million using 
GPS to $160 million using traditional line-of-sight survey methods. The Nation 
could lose an estimated $758 million in annual socioeconomic benefits from CORS. 
State investments in real time positioning networks (RTN) that depend on CORS 
for NSRS access would be lost, as would the significant economic activities RTNs 
support. OPUS would not function as designed, affecting approximately 20,000 
users/month, resulting in a $12 million/month loss of economic benefits. It is unclear 
at this time whether filtering is possible without losing the functionality of high pre- 
cision GPS receivers. If filtering is possible, upgrading every CORS site would be 
time and labor intensive, and likely cost millions of dollars, a cost that would be 
borne largely by the States, universities, and other CORS stakeholders. There would 
also be significant outreach and training costs, and increased operating costs. 

Q17g. How would time distribution be impacted? 

A17g. We use GPS time to synchronize nearly all of our environmental sensors to 
the same time scale. This ensures that millions of data inputs are kept in proper 
chronological order as they are ingested into models and analyzed. GPS time syn- 
chronization is also critical to the transmission of data from more than 23,000 land, 
sea, and mobile-based observational platforms via the GOES and POES Data Collec- 
tion Systems (DCS). Examples of platforms include the National Water Level Obser- 
vation Network, National Estuarine Research Reserves System-wide Monitoring 
Program weather and water quality stations. Coastal Marine Automated Network, 
and weather and hurricane observing buoys. Each platform transmits at predefined 
wavelengths and times. GPS receivers discipline the platform transmitters to main- 
tain their frequency and time assignments. GPS receivers at the GOES and POES 
ground stations keep the satellites in time synchronization with the DCS platforms. 

Prolonged, continuous GPS interference at DCS platforms would lead to clock 
drift. Data could be transmitted at the wrong times, resulting in lost, missing, or 
corrupt data affecting weather forecast models and climate records. After a certain 
amount of time without access to GPS, the DCS platform radios are programmed 
to cease transmission and shut down, resulting in data gaps. Interference to the 
GPS receiver on the GOES-R satellite could prevent it from properly rela 3 dng any 
data from DCS platforms. To mitigate widespread GPS interference, the entire DCS 
would have be re-engineered so fewer platforms transmit data on the same fre- 
quencies per hour. The result would be a drastic (roughly one order of magnitude) 
reduction in data collection capability. The cost to apply the fix to all of the deployed 
platforms could be prohibitively expensive, leading to losses of capability. 

Q17h. Would the entire fleet ofNOAA satellites be put at risk? 

A17h. Yes. There is a real possibility that GPS interference from LightSquared’s 
network could adversely affect our satellite ground stations’ ability to command and 
control our current satellites. Our future satellites could also be affected if 
LightSquared transmissions interfere with their onboard GPS equipment. 

Q18. Does NOAA have any way to mitigate the loss of GPS service? 

A18. We would need to implement mitigations on a system-by-system basis, as 
there is no single solution that addresses all types of GPS uses across NOAA. We 
have identified potential mitigations to some of our systems, but almost none of 
these have been demonstrated, costed, or tested. Some NOAA functions could be ac- 
complished by reverting to older technologies and methods, but we would lose oper- 
ational capabilities and cost efficiencies associated with GPS. Eor certain systems, 
such as satellites already in space, we have no way to mitigate potential GPS inter- 
ference. 

Q19. How much would it cost to replace all ofNOAA’s GPS receivers? 

A19. At this time, we do not have a complete estimate of the cost of all NOAA GPS 
receivers that would need to be replaced or upgraded to mitigate LightSquared’s 
proposed signals. NOAA cannot plan to upgrade or re-equip any GPS equipment be- 
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fore suitable mitigations have been identified, fully verified, costed, and made avail- 
able. 

Q20. How much would it cost to retrofit all ofNOAA’s GPS receivers, if a filter could 
be developed? 

A20. At this time, we do not have a complete estimate of the cost of all NOAA GPS 
receivers that would need to be replaced or upgraded to mitigate LightSquared’s 
proposed signals. NOAA cannot plan to upgrade or re-equip any GPS equipment be- 
fore suitable mitigations have been identified, fully verified, costed, and made avail- 
able. 

Q21. What programs would NOAA cut in order to pay for these upgrades? 

A21. If and when we get to the point when we need to pay for upgrades, we will 
analyze all of our mission priorities to determine what lost GPS-based capabilities 
we need to preserve and what future improvements or other activities we may need 
to defer in order to do so. Given that the cost of mitigation is unknown at this time, 
it would be impossible to perform such analysis. 

Q22. Does NOAA have any way to modify, replace, or retrofit GPS receivers in space, 
or being prepared for launch? 

A22. No, we do not. If LightSquared transmissions affect those satellites, we will 
have no way to mitigate the interference. Those satellites could lose capability to 
maintain accurate orbits and orient themselves correctly, leading to degraded 
weather forecasts and climate data collection. 

Q23. If LightSquared was allowed to use both the upper and lower 10 MHz of its 
spectrum (as it has states it eventually intends to do), how would NOAA oper- 
ations be impacted? 

A23. It is expected that interference to GPS from both the upper and lower 
LightSquared channels would cause serious performance degradation or a total loss 
of mission for a wide range of NOAA’s operational systems, resulting in the loss of 
critical services and potential loss of life and property. These systems include major 
satellite, airborne, sea-based, and terrestrial systems used for weather forecasting, 
climate observation, search and rescue, vessel navigation, nautical charting, emer- 
gency response, and geodesy. Since virtually all of NOAA’s operational systems and 
functions are integrated with GPS technology, the impacts would be felt across all 
of our Line Offices. The American public, which relies on NOAA for weather fore- 
casting, research, and life-saving capabilities, could experience severe degradation 
or total loss of some products and services. 

Q24. Please describe how the following systems would be impacted by the 
LightSquared network (as planned on June 30, 2011). Please include an as- 
sessment of the costs associated with each individual system ! program. 

A24. The LightSquared operating plan of June 30, 2011, still includes eventual use 
of the problematic upper 10 MHz channel next to GPS. The information below is 
based on our concerns about the upper channel. We have not yet had a chance to 
test whether all of the systems and functions below would be adversely affected by 
use of the lower 10 MHz channel only. 

GOES/POES/NPP/JPSS 

The Geostationary Operational Environmental Satellite (GOES) system provides 
continuous monitoring of the Western Hemisphere to support warnings of tornadoes, 
hurricanes, and other severe weather directly affecting IJ.S. public safety, protection 
of property, and economic health and development. The current Polar-orbiting Oper- 
ational Environmental Satellite (POES) system, the National Polar-orbiting Oper- 
ational Environmental Satellite System Preparatory Project (NPP), and the future 
Joint Polar-orbiting Satellite System (JPSS) collect global data to support weather 
forecasting, climate change research, monitor volcanic eruptions, detect forest fires, 
and support search and rescue. Today’s GOES and POES satellite operation centers 
use GPS on the ground to maintain the accuracy of local frequency standards used 
for system timing applications in their respective mission systems. The ground sta- 
tions routinely upload time corrections to the satellites to keep them synchronized 
with the GPS time scale used at the ground stations and across NOAA. The GOES 
and POES ground stations also use (j-PS time to generate and upload highly accu- 
rate spacecraft ephemeris (orbit information) essential for attitude control and navi- 
gation. 
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Any loss of GPS lock at the operational centers takes a minimum of 20 minutes 
to re-establish. Prolonged, continuous GPS interference at the ^ound stations would 
cause timing systems to drift out of specification, causing widespread errors that 
could not be effectively managed, even with constant, manual application of time 
corrections. This would cause attitude control and timing inaccuracies on the sat- 
ellites, degrading the quality of weather and climate measurements and leading to 
less accurate warnings of severe weather. Eventually, if the timing systems get into 
errors on the order of a few microseconds, spacecraft could become unstable and 
ground stations could completely lose the ability to command and control them. If 
NOAA ground stations cannot be protected from interference through LightSquared 
exclusion zones or physical relocation, the satellite operation centers would likely 
need to procure and maintain new cesium clocks for time reference at high initial 
and annual cost. 

NOAA’s next-generation satellites, including GOES-R, NPP, and JPSS, will use 
on-board GPS receivers to provide autonomous orbit determination and a time ref- 
erence accurate to 250 nanoseconds. Loss of GPS on board these satellites would 
cause them to rely on less accurate star trackers for pointing, degrading data qual- 
ity and forecasts. The next-generation satellites cannot be upgraded as long as a 
mitigating filter has not been developed, proven, space-qualified, and made avail- 
able. This is especially true for those satellites that are now being readied for 
launch. We would have to develop ground-based ephemeris products and time cor- 
rections for the next-generation satellites, adding cost and labor requirements to the 
programs. 

GOES and POES Data Collection Systems (DCS) 

The GOES and POES Data Collection Systems (DCS) enable the collection of es- 
sential data from over 23,000 land, sea, and mobile-based observational platforms, 
which use the GOES and POES satellites as data relays. Examples of platforms in- 
clude the National Water Level Observation Network, National Estuarine Research 
Reserves System-wide Monitoring Program weather and water quality stations, 
Coastal Marine Automated Network, and weather and hurricane observing buoys. 
Each platform transmits at predefined wavelengths and times. GPS receivers dis- 
cipline the platform transmitters to maintain their frequency and time assignments. 
GPS receivers at the GOES and POES ground stations keep the satellites in time 
synchronization with the DCS platforms. 

Prolonged, continuous GPS interference at DCS platforms would lead to clock 
drift. Data could be transmitted at the wrong times, resulting in lost, missing, or 
corrupt data affecting weather forecast models and climate records. After a certain 
amount of time without access to GPS, the DCS platform radios are programmed 
to cease transmission and shut down, resulting in data gaps. Interference to the 
GPS receiver on the GOES-R satellite could prevent it from properly relaying any 
data from DCS platforms. To mitigate widespread GPS interference, the entire DCS 
would have be re-engineered so fewer platforms transmit data on the same fre- 
quencies per hour. The result would be a drastic (roughly one order of magnitude) 
reduction in data collection capability. Applying the fix to all of the deployed plat- 
forms would incur costs in terms of hardware, labor, and travel to many remotely 
located platforms. 

COSMIC and COSMIC-2 

The Constellation Observing System for Meteorology, Ionosphere and Climate 
(COSMIC) is designed to fill in global gaps in atmospheric data where weather bal- 
loon observations are scarce. COSMIC involves six satellites in low Earth orbit that 
use the GPS radio occultation (GPSRO) technique to perform atmospheric soundings 
of pressure, temperature, water vapor, and electron density. The technique involves 
the observation of the GPS satellite signals from other satellites in space. The sig- 
nals refract (bend) as they pass through the limb of the Earth’s atmosphere. Meas- 
uring the amount of GPS signal refraction through different “slices” of the atmos- 
phere allows researchers to derive the physical properties of those slices. COSMIC 
data significantly improves the modeling of hurricanes and other storm patterns. 
COSMIC also collects global data on electron density to improve space weather fore- 
casts. 

GPS interference from the LightSquared network could prevent the collection of 
GPSRO data over the United States. At this time, our analysis suggests that receiv- 
ers on the COSMIC satellite will not be affected if LightSquared uses its lower 
channel only. However, we remain concerned about potential interference to COS- 
MIC, which is already suffering from degraded operations as it operates beyond its 
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design life, if LightSquared eventually operates using its upper channel. If inter- 
ference occurs under any scenario, there would be no possible mitigation; this entire 
capability would be lost. 

SARSAT 

NOAA’s Search and Rescue Satellite-Aided Tracking (SARSAT) system relays dis- 
tress signals via satellite from emergency beacons to the ground stations and mis- 
sion control center, which sends alerts and beacon locations to search and rescue 
authorities. It is a major component of the International COSPAS-SARSAT system, 
a critical life and safety service with national and international requirements. 
SARSAT ground stations (Local User Terminals, or LUTs) utilize multiple GPS re- 
ceivers to determine and maintain precise time. LUTs calibrate the oscillators that 
keep time for the SARSAT instruments on GOES and POES satellites. GPS is also 
integrated into some distress beacons to determine the user’s location and include 
it in the distress alert. The ability of such beacons to independently and more accu- 
rately determine and report their locations greatly improves response times and the 
chances of a successful rescue. 

GPS interference on land or along coasts would prevent GPS-enabled emergency 
beacons from reporting accurate distress locations. We hope to perform additional 
testing of GPS-enabled search and rescue beacons in the future. 

The current MSS/ATC rules require that all base stations within 27 kilometer or 
within the radio horizon of a SARSAT LUT earth station be coordinated. This re- 
quirement applies to base stations operating throughout the 1525-1559 MHz band 
which would cover both the upper and lower 10 MHz signal proposals from 
LightSquared. Given the coordination requirements in the current rules for 
SARSAT LUTs, GPS receivers used at LUTs should not be impacted by the original 
or current spectrum proposal made by LightSquared. NOAA is planning to conduct 
tests with LightSquared to verify the 27-kilometer coordination distance provides 
sufficient protection. 

NOAA Emergency Response Imagery 

Following major disasters, NOAA flies aircraft over the affected areas to collect 
aerial imagery. Such imagery facilitates disaster relief efforts in areas affected by 
natural disasters, such as hurricanes, earthquakes, floods, etc., as well as manmade 
disasters such as oil spills. NOAA also deploys vessels after severe storm events to 
scan the seafloor for potential hazardous obstructions that may impede safe passage 
of the Marine Transportation System. GPS is used to georeference the aerial im- 
agery and provides a spatial context to its suite of ocean mapping sensors, making 
it possible to identify areas devoid of landmarks and accurately map underwater 
hazards. Without accurate GPS, the locations of these features might not be known, 
and NOAA anticipates there would be resulting impacts on marine commerce, as 
well as reductions in the U.S. Government savings enabled by NOAA emergency re- 
sponse. Potential loss of savings enabled by NOAA emergency response imagery is 
estimated at $1.42 million per 10,000 affected homes, while a marine transportation 
shut-down in just Hampton Roads alone could impede an estimated $5 million 
worth of cargo every hour. We have not identified any possible mitigation for the 
loss of GPS in this function; NOAA would lose this capability. 

Global Maritime Distress and Safety System (GMDSS) 

GMDSS is used to facilitate worldwide rescue of distressed vessels and aircraft. 
It disseminates navigational warnings, meteorological warnings and forecasts, and 
other urgent safety-related information to all ships on the world’s oceans, regardless 
of location or atmospheric conditions. The National Weather Service participates in 
the GMDSS by preparing meteorological forecasts and warnings for broadcast via 
systems that use GPS to program the receiver properly for receipt of the appropriate 
data. 

The existing MSS/ATC rules require that the emissions from a base station oper- 
ating in the 1525-15415 MHz and 1547.5-1559 MHz bands at the water edge of a 
navigable waterway is limited to a total power flux density (PFD). The PFD limits 
in the current rules were developed in coordination with the Coast Guard specifi- 
cally to protect GMDSS operations in navigable waterways. Given the base station 
PPD requirements in the current rules, GMDSS receivers on board vessels should 
not be impacted by the original or current spectrum proposals made by 
LightSquared. NOAA hopes to test some marine navigation equipment in a future 
round ofinterference testing to verify this is the case. 
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Next-Generation Radar (NEXRAD) 

NEXRAD is a network of 159 high resolution weather surveillance radars that 
transmit data that can be processed to show patterns of precipitation and its move- 
ment. Each radar contains a GPS unit for time stamping of data, troubleshooting, 
and auditing purposes. NEXRAD communications require extremely accurate timing 
and rely on GPS for Universal Time Coordinated (UTC) stamps. 

If the radar loses GPS time, it will rely on local equipment. Over a prolonged pe- 
riod, the equipment will begin to drift, causing radar pointing errors and system 
alarms. Forecasters and air traffic controllers could generate erroneous reports. This 
problem is somewhat mitigated by software that ensures internal timing sources 
match, even if they are wrong. If GPS service is not available, the Radar Operations 
Center will need to engineer a separate time server and make a significant number 
of changes, mostly in software, to rehome radar sub-components to the new time 
source. 

Continuously Operating Reference System (CORS) 

CORS is a network of high precision GPS receivers at over 1,800 fixed reference 
stations across the United States that continuously observes the GPS satellite orbits 
and relays the data to a central archive. CORS provides the means for defining the 
National Spatial Reference System (NSRS), the common standard for all U.S. 
geospatial activities such as mapping and surve 3 dng. The NSRS and CORS data are 
distributed to users via the Online Positioning User Service (OPUS), which proc- 
esses and corrects collected GPS measurements with high precision. NSRS also pro- 
vides the basis for real time positioning networks (RTNs) operated by states in sup- 
port of agriculture, maritime operations, surveying, floodplain mapping, etc. 

Based on initial testing, we believe the wideband, high precision GPS receivers 
in the CORS network are at risk of interference even if LightSquared only uses its 
lower 10 MHz channel. Without reliable GPS, the entire CORS network could be- 
come unusable, and we would be forced to use less accurate, more labor-intensive, 
and more costly methods to define the NSRS. For example, the cost to update the 
International Great Lakes Datum would increase from less than $30 million using 
GPS to $160 million using traditional line-of-sight survey methods. The Nation 
could lose an estimated $758 million in annual socioeconomic benefits from CORS. 
State investments in real time positioning networks (RTN) that depend on CORS 
for NSRS access would be lost, as would the significant economic activities RTNs 
support. OPUS would not function as designed, affecting approximately 20,000 
users/month, resulting in a $12 million/month loss of economic benefits. It is unclear 
at this time whether filtering is possible without losing the functionality of high pre- 
cision GPS receivers. If filtering is possible, upgrading every CORS site would be 
time and labor intensive and likely cost millions of dollars, a cost that would be 
borne largely by the states, universities, and other CORS stakeholders. There would 
also be significant outreach and training costs, and increased operating costs. 

Aeronautical Survey Program 

NOAA provides airport geodetic control, runway, navigational aid, obstruction, 
and other aeronautical data that is critical to the operation of the National Airspace 
System. This data is used to develop runway approach procedures and obstruction 
charts. We use high precision GPS equipment to perform the field surveys. 

Based on initial testing, we believe the wideband, high precision GPS receivers 
we use for aeronautical surveying are at risk if LightSquared uses its lower channel 
only. If our aeronautical surveying equipment were to cease functioning, we would 
have to conduct the surveys using traditional methods that are less accurate, result- 
ing in decreased safety at the airports we survey in the future. Using traditional 
surveying methods would also significantly increase the time and cost, and reduce 
the number of surveys that could be performed each year. A single survey mark cost 
$14,649 in 1984 using traditional methods vs. $822 in 2004 with GPS, and the team 
costs dropped from $439,455 to $24,647. 

The existing MSS/ATC rules require that the emissions from a base station oper- 
ating in the 1525-1559 MHz band at the edge of all airport runways and aircraft 
stand areas, including takeoff and land paths, is limited to a total power flux den- 
sity (PPD). The planned future round of interference testing involving high precision 
GPS equipment should provide data on whether the existing PFD limits provide 
adequate protection for ground surveying equipment at airports. 
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Coast Mapping Program 

NOAA provides the critical baseline data for demarcating the Nation’s marine ter- 
ritorial limits, including its Exclusive Economic Zone, and for the geographic ref- 
erence needed to maintain coastal resources and many other uses. We use GPS to 
georeference shoreline information during data collection. 

GPS interference would prevent the georeferencing. We have not identified any 
possible mitigation for the loss of GPS; NOAA would lose capability. 

National Data Buoy Center Observation System 

NOAA’s National Data Buoy Center operates a network of weather and hurricane 
observing buoys, coastal stations, the Tropical Atmosphere Ocean climate moni- 
toring buoys, and tsunami detection stations that provide hourly observations on 
wind, atmospheric, and sea surface conditions. The system depends on continuous 
GPS capability for positioning, data acquisition system timing, and transmission of 
data. 

GPS interference in coastal areas would cause weather and hurricane observing 
buoys and Coastal Marine Automated Network (C-MAN) stations to cease transmit- 
ting all weather data via GOES satellite (see GOES and POES Data Collection Sys- 
tems). The positions of affected buoys would be unknown. Affected buoys that break 
free of their moorings would not be tracked, causing a navigation hazard and loss 
of the buoy. To mitigate the loss of GPS, we could outfit the weather and hurricane 
buoys and the C-MAN stations with IRIDIUM data transmission capability at an 
estimated cost of $2 million (one-time cost) plus an annual maintenance cost of $1 
million. If expedited depIo 3 Tnent of new equipment were required to restore service, 
the additional cost is estimated to be $25 million for additional labor and ship time. 
The estimated cost to replace buoys that go adrift and become lost at sea due to 
the inability to track buoy position, cover additional logistics costs for transportation 
to and from ports, and provide larger vessels for the additional buoy spares would 
be $14 million per year. This is a recurring cost and includes equipment purchases 
and preparation of 35 spare buoys per year. 

Radiosonde Upper-Air Observing System 

NOAA flies instruments called radiosondes on weather balloons to measure pro- 
files of pressure, temperature, and relative humidity from the Earth’s surface to the 
mid-stratosphere. The data is used by weather forecasters in numerical prediction 
models and by the aviation industry for use in air traffic. Each instrument includes 
a GPS receiver to provide accurate position and velocity data as it is carried aloft. 
The velocity data is used to compute the winds aloft and the positioning data is 
used to determine the instruments height. One site uses GPS height data to derive 
the air-pressure measurement, and there are actions under way to implement the 
same technology in all radiosondes. 

Prolonged, continuous GPS interference would render our radiosondes incapable 
of reporting any wind data, directly impacting the National Weather Service’s nu- 
merical weather prediction models, aviation weather products, independent ref- 
erence for calibration of satellite remote sensing systems, and international commit- 
ments to exchange global atmospheric wind and thermodynamic information. Alter- 
nate methods would cost approximately $1 million for research and development 
and up to $20 million to implement. They would require at least five years to de- 
velop and as long as 15 years to implement, yet produce less data accuracy and 
quality. One alternative method is to triangulate radiosonde course and speed for 
computation of wind data. A second method is to modify the system to operate as 
a radio-theodolite and use radio-direction finding to compute wind data. 

GPS Dropsondes 

NOAA’s “hurricane hunter” aircraft release instruments called dropsondes into 
the eye of hurricanes to obtain data, enabling forecasters to track and predict hurri- 
cane movements. This results in warnings that save human lives and property. 
These data are also used by the hurricane research community. Each dropsonde 
contains a GPS receiver, along with pressure, temperature, and humidity sensors 
to capture atmospheric profiles and thermodynamic data. 

Interference with the GPS signals would affect hurricane reconnaissance and sur- 
veillance missions, especially along the immediate coast of the United States, and 
would hamper any ability to accurately predict the strength, location, and direction 
of a hurricane or cyclone and to implement disaster management plans. If the 
LightSquared system interferes with the signals from dropsondes, this would re- 
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quire dropsonde redesign efforts exceeding $200,000, including redesign, prototypes, 
and testing. 

Hydrological and Geospatial Data 

NOAA’s National Weather Service relies upon geospatial hydrologic data received 
from numerous internal and external sources, with over 14,000 data collection plat- 
forms. These data support weather forecasts and storm alerts of significant rainfall/ 
snowfall. The data collection platforms use GPS to correct normal clock drift. 

Disruption of the GPS signal would result in transmission of data at incorrect 
times, which may result in lost, missing, or corrupt data, affecting the National 
Weather Service’s ability to provide hydrologic forecast services. To mitigate wide- 
spread GPS interference, the entire data collection system would have be re-engi- 
neered so fewer platforms transmit data on the same frequencies per hour. The re- 
sult would be a drastic (roughly one order of magnitude) reduction in data collection 
capability. Applying the fix to all of the deployed platforms would incur costs in 
terms of hardware, labor, and travel to many remotely located platforms. 

Digital Gamma Radiation Detection Systems 

NOAA flies digital gamma radiation detection systems on aircraft to measure soil 
moisture and snow water. These systems are often the sole source of in situ data 
available during floods driven by spring snowmelt, such as those experienced re- 
cently in the Upper Midwest. The data streams provided by these systems contain 
GPS-derived location information, necessary for assimilating gamma-based measure- 
ments into river forecasting decision support systems. 

Imprecise gamma flight line location would decrease the accuracy, precision, and 
confidence of flood forecast models dependent on these data. The gamma survey sys- 
tem’s GPS data stream could be replaced with the aircraft’s GPS location data 
stream at a cost of about $10,000. But if the avionics were also degraded by 
LightSquared transmissions, no mitigation would be possible, and this current 
NOAA capability would be lost. 

Observation Station Location Data 

Accurate and precise measurements of observation station locations are essential 
to the assimilation and validation of ground-based observations of 
hydrometeorological variables. Station locations are routinely measured using com- 
mercial GPS receivers. 

In the absence of GPS, the National Weather Service would use USGS topo- 
graphic maps to determine the locations of observation stations. This imprecise data 
will have an unacceptable effect on model-generated forecasts of water levels and 
flooding by decreasing model confidence levels. We have not identified any possible 
mitigation for the loss of GPS; NOAA would lose capability. 

Tsunami Warning Centers 

The National Weather Service operates tsunami warning centers in Alaska and 
Hawaii as part of an international cooperative effort among 26 member states to 
save lives and protect property. Both centers are highly dependent on reliable GPS 
to conduct their mission. Both use seismic and sea-level data, nearly all of which 
are timed using GPS clocks, to detect and analyze earthquakes for their tsunami 
potential and to detect and measure tsunami waves to forecast their impact. Fur- 
ther, all of the computers within the two centers that are used to do the analysis 
and create and issue the products are timed using GPS clocks. 

In the presence of GPS interference, the clocks would begin drifting such that 
within a fairly short time — probably less than a day — timings would be affected, de- 
grading the tsunami warning centers’ performance. Also, many of the coastal sea 
level stations have a small (as small as five seconds) time window in which to send 
their data to the satellite. If the local clock drifts out of the window, then the trans- 
mission can overlap with the transmission from another gauge, destroying both sets 
of data. To mitigate widespread GPS interference, the entire data collection system 
would have be re-engineered so fewer platforms transmit data on the same fre- 
quencies per hour. The result would be a drastic (roughly one order of magnitude) 
reduction in data collection capability. Applying the fix to all of the deployed plat- 
forms would incur costs in terms of hardware, labor, and travel to many remotely 
located platforms. 
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Pacific Island GPS Sensors 

These sensors provide continuous total accumulated moisture within the atmos- 
phere for a better depiction of the atmosphere as conditions change. They also sup- 
port atmospheric modeling. The sensors provide geologic information on island 
vertical and horizontal displacement. These data also provide information about the 
duration and strength of seismic activities. GPS provides time and position data as 
well as detection of water vapor based on the atmospheric effects on the GPS sig- 
nals. 

GPS interference would result in a loss of sensor data. We have not identified any 
possible mitigation for the loss of GPS; NOAA would lose capability. These sensors 
provide valuable information in the Pacific that cannot otherwise be obtained with- 
out great cost to the Nation. 

Alaska Fisheries Science Center (AFSC) 

The Alaska Fisheries Science Center (AFSC) generates scientific information and 
analysis necessary for the conservation, management, and utilization of the Alaska 
region’s living marine resources, and GPS is linked to every geo-referenced piece of 
data collected for this purpose. It is used for accurate data mapping, precise sam- 
pling, and geographic information system analysis to understand distributions of 
fish, protected species, habitat biota, oil, and marine chemistry. For instance, it is 
used to follow marine mammals through tracking collars and geo-referenced photog- 
raphy. Without GPS, mammal positions would have to be calculated with Service 
Argos, with a significant loss of precision. Additionally observer data, fisheries sur- 
vey data, acoustic mapping and hydrographic mapping all rely on the accuracy and 
dependability of GPS. The above-mentioned benefits of GPS are not specific to 
AFSC. Over the last decade almost every fisheries science program and commercial 
fishing operation has come to rely on GPS to provide economical, accurate, high- 
quality positioning information. 

Emergency beacon (G-EPIRB) signals use GPS positions and are critical to per- 
sonnel safety, particularly for those operating in remote and harsh environments 
such as the Alaska region. AFSC issues hundreds of personal locator beacons to 
staff and contracted fishery observers. It also distributes several dozen GPS units 
used by field researchers and small vessel operators when operating in remote 
areas. NOAA vessels and small boats rely entirely on GPS for positioning and navi- 
gation of field operations, even in waters considered near shore. In emergency situa- 
tions, GPS degradation could prevent fast responses and position certainty. As a re- 
sult, personnel would be exposed to more safety risks than their jobs currently pose. 

Without GPS, economical and accurate positioning and geospatial referencing will 
be much more expensive, time consuming, and inaccurate. At a minimum, service 
interruptions would compromise our ability to enforce fishing regulations (vessel 
monitoring system accuracy), monitor habitat changes, and collect accurate 
geospatial research and commercial catch data. At worst, it could invalidate data 
needed to support decision-making actions required by the Magnuson-Stevens Fish- 
ery Conservation and Management Act, the Endangered Species Act, the Marine 
Mammal Protection Act, and a host of other legislation. 

National Estuarine Research Reserve System (NERRS) 

The NERRS System-wide Monitoring Program provides high-resolution data on 
water quality and weather at 28 coastal reserves across the Nation. Sentinel site 
networks are now being established to track the impacts of coastal uplift and sea 
level rise on coastal ecosystems. Monitoring of ecological observations within an ac- 
curate and consistent geospatial framework requires high precision GPS. It is used 
to connect tidal and geodetic datums, establish spatial relationships between trends 
observed within a network of surface elevation tables, and monitor the rate of local 
vertical land movement, as well as the height of the marsh surface and ground 
water relative to local sea level. In many locations, elevation changes below one cen- 
timeter can have profound effects on the structure and function of coastal eco- 
systems; therefore high-precision GPS capability is critical. 

Based on initial testing, we believe the wideband, high precision GPS equipment 
used to measure sea level trends is at risk even under the LightSquared lower chan- 
nel only. If high precision GPS service became unavailable or unreliable, it would 
have profound effects on the ability to monitor impacts of sea level changes and in- 
undation from storms and coastal flooding on coastal communities and ecosystems. 
This would undermine the ability of communities to identify their risk to sea level 
change and episodic storm events. The loss of GPS service would require extensive 
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reliance on field-based leveling, ■which is exponentially more expensive in terms of 
time and labor costs. 

Coastal Services Center 

The Center works with state and local coastal programs to determine data needs 
and deliver the data, tools and training needed to turn these data into useful infor- 
mation relative to socioeconomics, orthoimagery, marine boundaries, land cover, hy- 
drography, elevation, etc. GPS receivers are used in marking boundaries and map- 
ping shorelines, monitoring erosion, assisting with dock permitting and other man- 
agement plans, tracking endangered animals, and rapidly assimilating post-storm 
damage assessments. LIDAR elevation mapping and aerial photography use high 
precision GPS. Validation of the mapped data also requires high precision GPS. 

If GPS services ■were not available, elevation products needed to meet require- 
ments for flood mapping and sea level rise mapping may not be possible. It was only 
with the advent of high precision GPS that wide-area coverage at the required accu- 
racies became feasible. Aerial photography could still be done, but at additional 
costs for crews to put down target panels and survey them in. That surveying would 
also have to be done with older, more expensive, technology. Costs might be any- 
where from 50-100 percent greater. 

Center for Operational Oceanographic Products and Services (CO-OPS) 

CO-OPS provides the national infrastructure, science, and technical expertise to 
monitor, assess, and distribute oceanographic data for coastal waters, including his- 
torical and real-time observations and predictions of tide, current, water level, and 
other coastal oceanographic data. GPS time synchronization is necessary for the 
time stamping of data shared and ingested to produce products (six-minute data, 
high and low data, hourly heights, and datums). 

If the GPS signals are degraded or not reliable, all CO-OPS operations would be 
affected. Loss of GPS time stamps would prevent data processing and reduce sup- 
port to the Physical Oceanographic Real-Time System, hydrographic surveys photo- 
grammetry. National Water Level Observation Network, VDatum, COASTAL part- 
ners, OCS, other federal agencies, and the general public. We have not identified 
any possible mitigation for the loss of GPS; NOAA would lose capability. 

Bench Mark Elevation Data 

This data is necessary to vertically reference water level observations to establish 
tidal datums. Without a vertical datum reference, water level data have minimal 
value and cannot be used to update tidal datums, derive nautical chart depths from 
bathymetric survey data, or establish privately owned land, state-owned land, terri- 
torial sea, exclusive economic zone, and high seas boundaries. CO-OPS collects GPS 
observations on bench marks and submits the data to the OPUS database. 

Lost or degraded GPS signals would affect the collection of ellipsoid elevations, 
geodetic elevations and hence would affect the compilation of the VDatum Complete 
List for the VDatum Program, which in turn would affect the development and up- 
date of the VDatum models. We have not identified any possible mitigation for the 
loss of GPS; NOAA would lose capability. 

National Current Observations Program (NCOP) 

NCOP supports tidal current predictions for various coastal regions and location 
as well as recovery of expensive subsurface measurement systems. It relies on GPS 
position data to mark locations of moored current measurement instrumentation. 

Loss of GPS would result in inaccurate or missing position data and potential loss 
of instrumentation. We have not identified any possible mitigation for the loss of 
GPS; NOAA would lose capability. 

Sea Surface Radar Altimeters 

These instruments measure sea state and ocean currents to improve weather and 
climate models, as well as models used to inform NOAA and Coast Guard search- 
and-rescue efforts and other operations at sea. GPS time synchronization enables 
time-based sharing of radio frequencies among dozens of radars. This capability will 
soon become a requirement by international and domestic regulations for all high 
frequency radars, as it allows for nearly simultaneous use of the same transmit fre- 
quency. 
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Loss of GPS time synchronization would prevent the radar network from properly 
sharing the radio frequencies, degrading data collection capabilities and reducing 
the accuracy of meteorological models. The systems would not comply with the im- 
pending regulations. The systems would be required to operate on a non-inter- 
ference basis. Radars would need much more spectrum to continue operating at cur- 
rent levels. Increased spectrum requirement will result in lost capability due to lack 
of available frequencies. Capability would be lost in support of Coast Guard search 
and rescue activities and NOAA/Coast Guard oil spill response. We have not identi- 
fied any possible mitigation for the loss of GPS; NOAA would lose capability. 

Ship Mounted Current Profiler Systems 

NOAA vessels measure sea currents by combining GPS motion data (ship’s speed 
over ground, course over ground, and heading) with acoustic profiler data to obtain 
current measurements referenced to earth-fixed coordinates. In coastal areas where 
the impact would be greatest, interference to GPS on our vessels would lead to inac- 
curate or missing position and motion data. We have not identified any possible 
mitigation for the loss of GPS; NOAA would lose capability. 

NOAA 

Vessel Navigation Systems 

NOAA operates a fleet of 19 vessels in the Pacific and Atlantic Oceans for oceano- 
graphic, atmospheric, fisheries and coral reef research, nautical charting, environ- 
mental monitoring and ocean exploration. The fleet employs a variety of GPS and 
differential GPS receivers for navigation and scientific use. Position Heading and 
Attitude Sensors are used to determine the vessel’s position, heading and attitude 
(heave, pitch and roll) with input from GPS receivers. 

The existing MSS/ATC rules require that the emissions from a base station oper- 
ating in the 1525-J541.5 MHz and 1647.6-1559 MHz bands at the water edge of 
a navigable waterway is limited to a total power flux density (PFD). Given the base 
station PFD requirements in the current rules GPS receivers on board vessels 
should not be impacted by the original or current spectrum proposal made by 
LightSquared. NOAA hopes to test some marine navigation equipment in a future 
round of interference testing to verify if this is the case. 

Electronic Chart Display (ECDIS) and Information System ! Electronic Navigational 
Charts (ENC) 

ECDIS and ENCs replace paper nautical charts aboard maritime vessels. The 
International Maritime Organization (IMO) mandated carriage of ECDIS and ENCs 
aboard commercial vessels starting in July 2012. An ECDIS displays the informa- 
tion from an ENC and integrates current position information from GPS and other 
navigational sensors. Interference to GPS on vessels would lead to incorrect oper- 
ation of IMO-mandated ECDIS and ENCs for navigation. We have not identified 
any possible mitigation for the loss of GPS; NOAA would lose capability. 

Autonomous Underwater Vehicles (AUV) 

NOAA uses AUVs in robotic studies of lakes, the ocean, and the ocean floor. A 
variety of sensors measures the concentration of various elements or compounds, the 
absorption or reflection of light, and map features of the ocean. AUVs navigate 
using an underwater acoustic positioning system. Surface references, such as a sup- 
port ship, use baseline positioning to calculate where the AUV is relative to the 
known (GPS) position of the surface craft. When operating completely autono- 
mously, the AUV will surface and take its own GPS fix. 

Interference with GPS positioning data along U.S. coasts would render informa- 
tion mapped by the UAV inaccurate or speculative. We have not identified any pos- 
sible mitigation for the loss of GPS; NOAA would lose capability. 

Ocean Mapping Sensor Network 

NOAA uses this network to acquire hydrographic data to update the Nation’s nau- 
tical charts and navigation products. NOAA is responsible for surveying 3.2 million 
miles of the U.S. Exclusive Economic Zone. GPS provides precise positioning for ac- 
quiring hydrographic survey data. NOAA’s Office of Coast Survey relies heavily on 
this data to accurately position its sensors. 
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Our analysis ofthe LightSquared testing data suggests that our survey boats could 
be affected from as far as 1.2 miles from shore. We have not identified any possible 
mitigation for the loss of GPS; NOAA would lose capability. 

Ground-Based GPS Meteorology Project ( GPS-Met) 

GPS-Met provides atmospheric profiles across the United States in support of im- 
proved weather forecasting, climate monitoring, and satellite sensor calibration and 
validation. GPS-Met utilizes high precision GPS receivers co-located with surface 
meteorological sensors to calculate the total precipitable water vapor directly above 
the site, vastly improving short-term weather forecasting. 

Based on initial tests, we believe the wideband, high-precision GPS equipment 
used by GPS-Met is at risk even if LightSquared uses its lower channel only. GPS 
interference would prevent GPS-Met data and products from being assimilated into 
operational weather models used by forecasters for nowcasting. Model and fore- 
caster prediction skill, especially during severe weather, would fall. Atmospheric 
river observatories and warning systems would be rendered largely useless. Inde- 
pendent monitoring of weather balloon and aircraft moisture observation quality 
would stop, allowing increased inclusion of errors in models, time series, climate 
records, and satellite data products. As GPS-Met is based entirely on wideband GPS 
observations, we stand to lose this entire capability. 

Scanning Doppler Lidar Systems 

These systems measure atmospheric wind velocity in a large cone and produce 
three-dimensional portraits of atmospheric activity. The Lidar systems are operated 
on moving platforms, including research vessels and aircraft. Differential GPS is 
used to measure the platform orientation and motion, control the pointing of the 
scanning device, and remove the impact of the platform’s motion from the measure- 
ments. 

GPS interference is already a problem for the sensitive differential GPS naviga- 
tion systems around ports. Increased interference to vessels near coastal urban 
areas or to aircraft over land would worsen the situation. There is currently no 
backup navigation system for making stabilized Doppler Lidar wind measurements. 
We have not identified any possible mitigation for the loss of GPS; NOAA would 
lose capability. 

Wind Profiling Radars 

NOAA operates a network of 35 wind profiling radars around the United States. 
They detect wind speed and direction at various elevations to support forecasting 
and timely reporting for flight planning. GPS is used to synchronize the time 
stamps across the national network and provide location information for collected 
data. 

Without GPS time stamps and georeference information, data cannot be properly 
ingested into weather models, degrading the accuracy of forecasts. To mitigate GPS 
interference, NOAA could purchase and maintain atomic time standards for each of 
the 35 radar sites at great expense. However, even absent GPS interference, the 
wind profilers arc expected to experience interruptions in the future once the Euro- 
pean Galileo satellites, which operate on the same frequency as the profilers, are 
launched. 

Space Weather Prediction Center 

SWPC provides space weather information and warnings to a variety of customers 
including airlines, power distribution systems, oil rigs and survey vessels, marine 
construction surveyors, satellite operators, and GPS users. It also produces iono- 
spheric models that can be applied as corrections to improve GPS positioning accu- 
racy. SWPC uses networks of high precision GPS reference stations to observe GPS 
signal delays that reveal the electron content of the upper atmosphere. 

Based on initial testing, we believe the wideband, high precision GPS equipment 
used by SWPC is at risk even if LightSquared uses its lower channel only. GPS in- 
terference would degrade the accuracy and usefulness of SWPC products such as the 
U.S. Total Electron Content (US-TEC) product, which informs surveyors, construc- 
tion operations, and other customers about space weather conditions affecting GPS 
accuracy. We have not identified any possible mitigation for the loss of GPS; NOAA 
would lose capability. 
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Frequency Measurement and Analysis Service; Time Measurement and Analysis 
Service ! Phaser Measurement Units ! Inter -American Metrology System 

NOAA is not involved with these particular systems and functions. 
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Responses by Mr. Victor Sparrow, Director, Spectrum Policy, 

Space Communications and Navigation, 

Space Operations Mission Directorate, 

National Aeronautics and Space Administration 

Questions submitted by Chairman Ralph Hall 

Ql. How common are the wideband and high precision GPS receivers that are at 
risk of interference from LightSquared’s modified business plan that starts com- 
mercial operations with just the “lower” portion of its spectrum^ 

Qla. How much do they cost? 

Qlb. What is the normal upgrade or re-equipage cycle for these GPS receivers at 
your agency? 

Al, la, lb. Radio occultation techniques used by Global Positioning System (GPS) 
receivers (also known as GPS occultation science) are believed to be the most sus- 
ceptible to severe interference from the LightSquared network and were studied 
both in the Federal Communications Commission (FCC)-mandated technical Work- 
ing group (TWG) and the National Space-based Positioning, Navigation, and Timing 
(PNT) Systems Engineering Forum (NPEF). Both space-based and ground-based 
radio occultation science programs would be affected: 

• Space Missions Affected: NASA estimates 20-plus satellites will be launched for 
radio occultation measurements over the next 10 years. The normal upgrade 
cycle for flight receivers is 10 years, and the effective mission length of these 
satellites has been about eight years. 

• Ground-based Tracking Networks Affected: For impacts to NASA ground-based 
GPS occultation science on the Global Differential GPS (GDGPS) network, the 
cost is approximately $50 thousand per station, for a total of at least 100 NASA 
sites, which results in a conservative estimate of $5 million. An additional 500- 
plus sites for International Global Navigation Satellite Systems (GNSS) Service 
(IGS) totals $25 million, with an additional $50 million for the National Science 
Foundation (NSF) Plate Boundary Observatory. 

• Uninhabited Aerial Vehicle Synthetic Aperture Radar (UAVSAR): NASA oper- 
ates aircraft-based radar which uses both augmented GPS to provide accurate 
real-time navigation and centimeter-level post processed positioning to achieve 
the precision required for interferometric synthetic aperture radar. 

There are, however, additional impacts to other programs and missions, including: 

• Geodetic Science: It is difficult to estimate the costs associated with disturbing 
the GPS-based measurements used to maintain and update the reference frame, 
but these could be significant because such errors will in turn affect high preci- 
sion applications that use GPS for climate and environmental monitoring. 

• Tracking of Launch Vehicles: NASA uses GPS for tracking launch vehicles at 
Wallops Flight Facility (WFF) and as the primary tracking source for the Au- 
tonomous Flight Safety System (AFSS) being developed by WFF and Kennedy 
Space Center (KSC). NASA also uses commercial rockets to launch science mis- 
sions from the Eastern and Western Air Force Ranges that increasingly rely on 
GPS. Not knowing where a vehicle is during a launch because of GPS inter- 
ference could result in a rocket and its payload being destroyed unnecessarily. 

Since the interference degradation from LightSquared emissions is highly depend- 
ent on the specific design of the GPS receiver front-end, the effect on other space 
receivers is unknown at this time. 

Q2. LightSquared has agreed to a “standstill” on the use of the “upper” portion of 
their spectrum, the portion closest to the GPS signal. LightSquared has stated 
they would like to work with the GPS community to develop mitigation strate- 
gies in order to initiate commercial operations of the upper spectrum within two 
to three years. 

Q2a. Is NASA prepared to upgrade or re-equip all their GPS equipment in that time 
frame? 

Q2b. Can you tell the members of the Committee what the cost would be to imple- 
ment this strategy within your agency? 

Q2c. Is two to three years a reasonable time frame to expect federal agencies to up- 
grade or re-equip? 
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A2-2c. The proposed filters are not yet available to NASA, and preliminary discus- 
sions with filter manufacturers (e.g., Delta Microwave, which was referred to NASA 
by LightSquared) indicate that filtering for high precision GPS receivers would re- 
sult in significant degradation in receiver performance and accuracy. If interference 
mitigation techniques are identified, testing would be necessary to determine the 
impact on receiver performance. 

A more realistic time frame to upgrade and/or re-equip missions under develop- 
ment has been demonstrated by the U.S. Department of Defense (DoD), which pro- 
vided a decade of transition time for worldwide GPS codeless/semi-codeless users to 
migrate to the new L2C signal by 2020 to enable unfettered GPS Precise Positioning 
System (GPS PPS) Flex Power on the modernized GPS constellation. 

It will take 10 or more years for most of the GPS receivers that are operating 
in space today (or close to launch now) to reach the end of their operational life. 
It is not feasible to retro-fit satellites that are already on orbit, so harmful inter- 
ference would directly compromise these missions. 

Q3. LightSquared’s modified business plan starts commercial operations with just 
the “lower” portion of its spectrum and will be limited to urban areas. Does this 
satisfy your concerns about short-term interference issues to wideband and high 
precision GPS receivers'^ If not, why not? 

A3. NASA testing shows that the use of just the lower 10 MegaHertz (MHz) band 
still results in significant interference to NASA’s next generation space-based GPS 
receiver and terrestrial high precision science receivers. Further, NASA expects that 
the addition of filters to reduce the interference from the lower 10 MHz 
LightSquared signal would cause significant performance degradation. If inter- 
ference mitigation techniques are identified, testing would be necessary to deter- 
mine the impact on receiver performance. 

Q4. Given that LightSquared has clearly shown that it intends to ultimately utilize 
both the upper and the lower portion of its spectrum, even with its new business 
proposal to start with just the lower portion, how is the new proposal really any 
different to your agency than their original proposal? 

A4. For GPS high precision receivers, there would be very little difference; NASA’s 
testing shows that the use of just the lower 10 MHz band still results in significant 
interference to the Agency’s missions, particularly Uninhabited Aerial Vehicle-Syn- 
thetic Aperture Radar (UAVSAR), geodetic science, and launch operations. Future 
GPS flight receivers will need to be equipped to deal with all LightSquared signals 
that may be broadcast during the mission lifetime. 

Q5. I understand there are now other companies exploring a similar terrestrial 
broadband business plan but in an entirely different part of the spectrum that 
would not interfere with the GPS signal. If we can accommodate the President’s 
goals for the Broadband Initiative using spectrum that doesn’t interfere with 
GPS, why should we risk the taxpayer investment in GPS? 

A5. NASA fully supports the Administration’s goal of identifying additional spec- 
trum for broadband use, and will continue to cooperatively investigate and assess 
mitigation strategies, while seeking not to compromise the performance of NASA’s 
GPS-dependent systems or missions. 

Q6. Does NASA feel that adequate testing has been done on all of the issues associ- 
ated with LightSquared interference on their agency’s missions? Should there be 
more testing on high precision units? 

A6. Since the interference degradation from the LightSquared emission is highly 
dependent on the specific design of the GPS receiver front-end, the effect on other 
space receivers is unknown at this time. 

Additional analyses are also needed for “non-high-precision” receivers used by 
NASA and other space operators, in applications such as: (1) International Space 
Station (ISS) operations, including human and/or automated space vehicles per- 
forming rendezvous with the Station; and (2) launch vehicles and/or space vehicles 
performing re-entry and landing where a vehicle could be operating much closer to 
an interfering source. 

The issue of interference with GPS receivers from LightSquared handset emis- 
sions has not been completely tested. In NASA’s view, extensive testing of handset 
emissions is a necessity before any LightSquared field use. 

Q7. Will the filters proposed by JAVAD GNSS and LightSquared mitigate the inter- 
ference problem to wideband and high precision GPS receivers? If not, why not? 
If so, what testing has been done to demonstrate their effectiveness? 
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A7. These filters have not been made available to NASA for assessment. Prelimi- 
nary discussions with experienced filter manufacturers (e.g., Delta Microwave) indi- 
cate that filtering for high precision GPS receivers would result in significant deg- 
radation in receiver performance and accuracy. 

The JAVAD website states, “We have also invented a unique solution for timing 
applications in which we dynamically compensate for group delay variations with 
the accuracy of better than 100 picoseconds. We are developing techniques to reduce 
this to better than 10 picoseconds.” NASA has not had the opportunity to test the 
accuracy of these statements but, even if accurate, 10 picoseconds is 30 times higher 
than nominal system noise error at C/No = 52 dB-Hz, which amounts to inde- 
pendent 1-second errors of 0.3 ps at the GPS LI frequency (100 picoseconds is 300 
times higher), and would still fail to meet the requirements of NASA missions such 
as GRACE (which requires 0.060 nanosecond precision to enable gravity field meas- 
urements). 

In addition, these filters would only remove the signals in the lower portion of 
the spectrum allocated to LightSquared; if the company eventually utilizes the 
upper portion, as well, the filters would not mitigate signal interference. 

Q8. Are there currently any mitigation strategies that make sense for wideband or 
high precision GPS receivers'? 

A8. NASA is not aware of any mitigation strategies at the proposed LightSquared 
frequencies that would not impose significant performance penalties on the high 
precision receivers. If interference mitigation techniques are identified, testing 
would be necessary to determine the impact on receiver performance. 

Q9. How much would it cost your agency to mitigate the interference issues from the 
LightSquared signal on your missions? 

Q9a. Does your agency currently have funds set aside for this purpose? 

A9, 9a. NASA is not aware of any mitigation strategies that would not impose sig- 
nificant performance penalties on its high precision receivers. No funds have been 
authorized or set aside for mitigation of interference impacts due to LightSquared 
emissions in the upper 10 MHz portion of the spectrum. Additionally, many receiv- 
ers are already serving operational missions on-orbit, so there is no way to retrieve 
the satellite to retrofit the impacted receivers if the upper 10 MHz is used by 
LightSquared. We are also concerned about the impact to the next generation of 
GPS receivers used for future missions that could be impacted by LightSquared 
emissions in both the upper and lower 10 MHz areas. 

QIO. Since August 15, the FCC has had the ability to rule on the LightSquared pro- 
posal, and to my knowledge, NTIA has yet to submit comments to the FCC on 
behalf of affected agencies. 

QlOa. Has NTIA provided your comments to the FCC? 

QlOb. Will NASA submit its comments directly to the FCC if NTIA fails to do so? 
If so, when? 

QlOc. Would you agree that your agency’s assessment should be made public so that 
everyone can understand the extent to which LightSquared interference to 
GPS will impact the ability of your agency to perform its duties, and the costs 
that may be incurred due to this interference? 

AlO-lOb. To NASA’s knowledge, NTIA has not provided formal comments, on be- 
half of the Administration, to the FCC on the LightSquared proceedings. However, 
NTIA did provide the NPEF Report to the FCC on July 6, 2011. NASA has no plans 
to submit comments directly to the FCC, but reserves the option to do so. NASA 
provided its assessment in testimony to the House Committee on Science, Space and 
Technology on September 8, 2011. 

Qll. The NASA letter to the NTIA states that NASA extensively uses high precision 
GPS receivers for scientific applications and “we have seen no evidence that 
these receivers can be filtered without significantly reducing receiver accuracy 
and performance.” 

Qlla. Is additional testing necessary to determine the impacts on these high preci- 
sion GPS receivers? 

Qllb. Should LightSquared be required to satisfy all members of the GPS commu- 
nity, including those high precision users that are not represented by industry, 
before they’re allowed to commence commercial operations? 
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All-1 lb. The interference degradation from the LightSquared emission is highly 
dependent on the specific design of the GPS receiver front-end, so the effect on other 
high precision space receivers is unknown at this time. 

Additional testing could help to quantify the degree of impact to high precision 
GPS receivers, but it is clear that significant impacts will be introduced with cur- 
rent LightSquared plans unless interference mitigation techniques are identified 
that do not impact performance. In NASA’s view, commercial operations should not 
be allowed to commence if significant interference would occur to existing NASA op- 
erations and scientific research that benefits the Nation as a whole. NASA cannot 
speak for all members of the GPS community. 

Q12. One possible solution proposed by NASA is to “find alternative spectrum, in- 
cluding spectrum holdings LightSquared already has, in which to conduct 
LightSquared’s planned terrestrial operations.” Can you expand on this solu- 
tion for the Committee^ What other spectrum could be utilized by LightSquared 
for its operations? Would that spectrum be far removed from the GPS signal 
and not cause significant interference issues? 

A12. NASA fully supports the Administration’s goal of identifying additional spec- 
trum for broadband use, and will continue to cooperatively investigate and assess 
mitigation strategies, while not compromising the performance of NASA’s GPS-de- 
pendent systems or missions. 

LightSquared press releases refer to its control of 59 MHz of spectrum, some of 
which is presumably available for terrestrial use. Some of the spectrum is around 
1.4 GigaHertz (GHz) and some is around 1.6 GHz, both removed from the 1.5 GHz 
region where GPS operates. While testing and analysis would be necessary for 
verification, the use of spectrum away from GPS helps reduce interference consider- 
ably. 

Q13. Since it is well established that LightSquared intends to operate on the upper 
10 megahertz of the L-Band after some interim period, and since it is also well 
established that such use of the upper 10 megahertz channel will have cata- 
strophic negative results for GPS reception, is the use of the Low-10 option a 
viable option? 

A13. Testing by NASA Jet Propulsion Laboratory (JPL) engineers indicates the use 
of just the lower 10 MHz band still results in significant interference to NASA’s 
next generation space-based GPS receiver and terrestrial high precision science re- 
ceivers. These are similar to receivers used by other nations to process GPS and 
other similar PNT systems such as Galileo. Moreover, with respect to the inter- 
ference impact to NASA space receivers from LightSquared emissions in the lower 
10 MHz band, it should be noted that only two space receivers were tested during 
the TWG process. Since the interference degradation from the LightSquared emis- 
sion is highly dependent on the specific design of the GPS receiver front-end, the 
affect on other space receivers, including those used onboard the ISS and NASA 
launch vehicles, is unknown at this time. NASA has identified this to NTIA as an 
area for further study. 

The implementation of a system that causes GPS “dead spots” would have a sig- 
nificant impact on NASA’s scientific research. There are many examples where this 
interference would be detrimental, some of which are described below. 

• Ground-truth measurements. In order to calibrate on-orbit instruments, sci- 
entists often use ground-truth measurements. Precise knowledge of the location 
of these measurements is critical to enabling accurate calibration of the on-orbit 
instrument. For example, for a new spacecraft instrument taking a measure- 
ment of algae blooms in lakes or air samples, measurements are taken over a 
precisely identified time and location, as defined by the spacecraft GPS location 
data. The ground measurement is also precisely known (in time and location) 
based on GPS data. If the measurements on the spacecraft match the measure- 
ments on the ground, scientists know the on-board instrument is working prop- 
erly. This important calibration procedure is completely dependent on the avail- 
ability of the in situ GPS location data. Without this ground truth of the instru- 
ment data, the resulting observations and data interpretations will be suspect. 

• Ground-based infrastructure. The National Research Council recently published 
a report on the national imperatives for a precision positioning infrastructure. 
NASA is a lead agency in the operation and maintenance of this infrastructure, 
and interference with GPS operations would compromise the utility of this in- 
frastructure. There are numerous applications of ground-based science that are 
dependent on the precise location information available from GPS. One critical 
type of science is research on natural hazards such as earthquakes, landslides. 
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and volcanic eruptions. In this research area, the smallest movement of the 
Earth’s surface is tracked to better understand the possibility of catastrophic 
events. These measurements must be extremely precise if scientists are to have 
insight into the pressures building up within fault zones or volcanoes that ulti- 
mately result in a release of the pressure in the form of an earthquake or vol- 
canic eruption. Natural hazards research has become increasingly dependent on 
GPS data, the loss or impairment of which could be devastating and jeopardize 
thousands of lives. 

• Ionospheric measurements. The sun routinely sends out radiation that, on 
Earth, is trapped by the ionosphere. When a particularly strong solar flare 
erupts, it has the potential to send enough radiation to disrupt (and even dis- 
able) the country’s electric power grid and to disrupt communications and radar 
tracking. By using very precise GPS measurements, scientists can watch for 
changes in the ionosphere to mitigate the effect of these changes or to prepare 
for impending events. This information is useful to a broad group of users in- 
cluding electric companies (which can take action to protect their systems), 
radar and radio operators, and scientists who seek to better understand and re- 
spond to this phenomenon. Without these GPS measurements, notification of 
potential disruptions would be delayed, resulting in damage to the power grid 
or interference to radar and radio transmissions. 

• Uninhabited Aerial Vehicle (UAV) and Aircraft operations. Not all science data 
are collected from satellites or in situ measurements; some are collected using 
UAVs and other aircraft. For example, NASA’s highly successful UAV Synthetic 
Aperture Radar (SAR) project recently flew a sophisticated radar to study the 
Gulf of Mexico oil disaster and the impact of the Mississippi floods on levees 
and farmland. These UAVs and other aircraft use GPS for navigation, and 
would not be usable for this type of science without it (or without a costly 
change to perform navigation using another method). In the case of 
interferometric SAR, no other navigation is capable of determining the relative 
position between repeat UAV passes with sub-centimeter accuracy to allow suc- 
cessful data collection. 

• Precision spacecraft navigation. Spacecraft use GPS for precise navigation. 
While the LightSquared transmission towers would not interfere with the use 
of GPS signals that are directly overhead of the spacecraft, there would be in- 
terference with ultra-precise navigation that requires the input of multiple GPS 
signals simultaneously. In this instance, the scientific satellite would be looking 
at a very low angle to obtain the signals from GPS satellites that are farther 
away. The high power emissions from the LightSquared transmission towers 
would interfere with these low look-angle signals, thereby reducing the accuracy 
of the navigation information and leading to a degradation of the science data. 
Many spacecraft also use a reference system of ground networks that would be 
dramatically impacted by this GPS interference. The U.S. hosts a significant 
number of ground observatories that function as reference sites for the precision 
navigation of satellites and aircraft, and interference to the GPS signal would 
degrade the science data. 

• Weather sensing. GPS radio occultation uses the bending of GPS signals by the 
atmosphere as they travel from the GPS satellites to an orbiting spacecraft. 
This NASA-developed technique is now used operationally by NOAA to improve 
their long-range weather forecasts. The interference to the GPS signal would 
render this technique, which looks all the way down to the Earth’s surface, use- 
less over the continental U.S., thus impacting the accuracy of NOAA’s weather 
forecasts. Radio occultation is also used to help set an absolute benchmark to 
answer the question of global climate change. Geographical biases due to, for 
example, degraded results near the continental United States, would be a se- 
vere challenge to this important benchmark. 

In addition, although the plans of LightSquared are for towers within the conti- 
nental United States, approval for this U.S. Company could have global implica- 
tions. There is great concern that companies outside the U.S. will pick up this tech- 
nology, causing scientific impacts across the globe and eroding the capabilities of all 
Global Navigation Satellite Systems, not just the U.S. GPS. In short, use of just the 
lower 10 MHz for high-precision GPS receivers does not appear technically accept- 
able to NASA. 

In summary, due to the very physics of GPS-based PNT, there is no apparent op- 
tion that would allow the high-precision GPS receivers to operate in the presence 
of the LightSquared lower 10 MHz signal unless interference mitigation techniques 
are developed that do not impact performance. 



137 


Q14. Now that the United States is dependent on Russia for access to the Inter- 
national Space Station and the failure of the Soyuz Launch Vehicle leaves the 
U.S. grounded, how would NASA operations be impacted if the U.S. was de- 
pendent upon Russia’s GLONASS system, or any other precision, navigation, 
and timing system^ 

A14. The impact to NASA is minimal since the cause of the Soyuz failure has been 
determined and Soyuz flights have resumed. The Progress 45 mission was success- 
fully launched on a Soyuz vehicle on October 30, 2011. 

The proposed LightSquared network, however, does have the potential to cause 
significant impact to NASA and other U.S. rocket launches. NASA uses GPS for 
tracking launch vehicles at Wallops Flight Facility (WFF) and as the primary track- 
ing source for the Autonomous Flight Safety System being developed by WFF and 
Kennedy Space Center (KSC). NASA also uses commercial rockets to launch science 
missions from the Eastern and Western Air Force Ranges that increasingly rely on 
GPS. Not knowing where a vehicle is during a launch because of GPS interference 
could result in a rocket and its payload being destroyed unnecessarily. The costs of 
a failed mission depend on the vehicle and payload, but could be in excess of $1 bil- 
lion. 

In terms of using the Russian GLONASS system for navigation, as suggested in 
the question, the Russian GLONASS system uses a very different signal structure 
that requires its own receivers. It is not fully interoperable with GPS receivers, al- 
though there are receivers that process both GPS and GLONASS signals. Also, 
GLONASS has had serious reliability problems in the past. Therefore, GLONASS 
is not a substitute for GPS today, and other international systems are not yet oper- 
ational. 

Questions Submitted by Ranking Member Eddie Bernice Johnson 

Ql. I understand that NASA uses high precision receivers on its satellites. Limited 
tests have shown that such high precision receivers may be more prone to inter- 
ference from the proposed LightSquared network than say, the GPS receiver in 
cell phones. 

Qla. What NASA applications require high precision receivers? 

Ala. NASA scientists use GPS science receivers, in combination with other meas- 
urement techniques such as laser ranging and radar altimeters, to monitor our envi- 
ronment. This includes, for example, monitoring the changes in Earth’s surface, sea 
level height, and atmospheric measurements, and providing precise knowledge of 
Earth’s shape and rotation (Figure 1). Global Positioning System (GPS) technology 
has become an essential tool for monitoring and improving our understanding of 
Earth systems, including climate change and solid earth hazards, such as earth- 
quakes and volcanic activity. This knowledge of our environment and its changes 
is also used for resource management, protection, and environmental impact mitiga- 
tion. 

Some examples of the use of GPS to improve our knowledge of the Earth are: de- 
termining the atmosphere’s water content; improving the accuracy of weather fore- 
casts; sensing changes in the small-scale distribution of ground water; accurately 
measuring the mass changes in glaciers and polar ice caps; setting an accurate 
present-day benchmark for the global averaged atmospheric temperature; gener- 
ating “now-casts” of space weather; and enabling ocean topography measurements 
to determine currents and long-term changes in sea height. Ground-based GPS net- 
works are also playing an increasingly prominent role in monitoring ground move- 
ment to identify potential conditions that may precede earthquakes and volcanic ac- 
tivity. In addition, some insurance companies use GPS-based maps of accumulated 
tectonic strain to predict risk. The same data are used by other Government agen- 
cies beyond NASA. GPS technology assists NASA scientists in understanding the 
physical characteristics of the Earth and its atmosphere, and changes over time. 
The Earth system, like the human body, comprises diverse components that interact 
in complex ways. Scientists work to understand the Earth’s ionosphere, atmosphere, 
oceans, interior, and biosphere as a single connected system. The planet is changing 
on all spatial and temporal scales. 
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Figure 1: Monitoring the Physical Characteristics of Earth 


Specific satellite-based NASA GPS-based science applications include, but are not 
limited to: radio occultation, gravity field modeling, altimetry, surface reflectometry, 
precise time transfer, global topography, and aeronomy. 

• Radio Occultation: GPS facilitates weather forecasts and also provides an unbi- 
ased benchmark for analyzing climate change. Early use of radio occultation 
(RO) data from the COSMIC-1 constellation has been incorporated into weather 
models and has demonstrated an 8-hour improvement in weather forecast skill 
at day four and 15-hour improvement at day seven. This means without RO 
data, scientists could predict with a certain confidence 48 hours in the future. 
After adding RO data, they can now predict with the same confidence out to 
56 hours. Radio occultation data provide a very well calibrated measure of the 
global average atmospheric absolute temperature and, thus, measurements can 
be compared from one mission to another with very low systematic errors. This 
will provide a key benchmark for climate change studies. 

• Gravity Field: GPS enables measurement of the Earth’s gravity field with high 
resolution in time and space. For example, the GRACE mission can measure a 
one-centimeter change in ground water level over the state of Ohio with one- 
month temporal resolution. Some applications include hydrology, measurement 
of variations in mass captured in ice caps and glaciers due to global tempera- 
ture changes, and determination of ocean currents at depths which have soci- 
etal applications to fisheries and transportation. 

• Altimetry: GPS facilitates precise orbit determination in altimetry (measuring 
sea level height and/or ice sheet thickness). Ocean altimetry data from missions 
such as TOPEX/Poseidon, Jason, the Ocean Surface Topography Mission 
(OSTM), and Jason-3 use GPS to translate radar altimeter measurements to 
place the ocean surface in an Earth fixed reference frame, which supports appli- 
cations such as fisheries, transportation, weather, and sea level rise. Data from 
missions such as the Ice, Cloud, and land Elevation Satellite (ICESat), and 
ICESat Follow-On enable the determination of ice sheet thickness and esti- 
mation of the “global ice budget” to observe the effects of climate change. 

• Surface Reflectometry: The use of GPS signal surface reflections is currently 
being developed to provide synoptic altimetry and scatterometry observables. 
This is an important tool for applications such as, for example, measuring sea 
level height in real time. 

• Time Transfer: GPS facilitates precise time transfer between satellites as need- 
ed for coordinated observations from separate satellite platforms. For example, 
the GRACE constellation used GPS time transfer with 0.060 nanosecond preci- 
sion to enable gravity field measurements. 
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• Global Topography. GPS supports orbit determination for global topographic 
mapping. For example, GPS provided 60-centimeter navigation of the Space 
Shuttle during the Shuttle Radar Topography Mission (SRTM), which used 
Interferometric Synthetic Aperture Radar (InSAR) to obtain the first global 
topographic map. 

• Aeronomy: The inference of atmospheric state (aeronomy) from observed drag 
using precise GPS-determined orbits is used to improve models of the upper at- 
mosphere. These models enable space missions to better estimate the effect of 
atmospheric drag and orbit decay of spacecraft in Low Earth Orbit (LEO). 

The science data obtained using GPS enable the continually improved precise 
navigation provided by GPS to all other GPS users. In turn, these scientific data 
have enabled GPS to continue improving. Thus, the data from Earth science mis- 
sions support the continued improvement of GPS capabilities while, at the same 
time, GPS provides data for scientific research. 

The potential disruption of GPS reception due to interference from the 
LightSquared terrestrial wireless network could affect a number of terrestrial and 
space-based NASA science missions. Affected terrestrial missions include primarily 
Earth science applications such as geodesy (e.g., earthquake monitoring and meas- 
urement of changes on the Earth’s surface) and environmental monitoring relying 
on GPS measurements at the ground sites of the Global Differential GPS System 
(GDGPS) and International Global Navigation Satellite Systems Service (IGS). 
Space-based science missions potentially affected would include receivers used for 
GPS occultation measurements for atmospheric and ionospheric monitoring and 
characterization. 

Qlb. Are these high precision receivers only space-based^ 

Alb. No, as described in the response to the previous question. 

Qlc. Are there any alternatives to GPS for conducting such science missions? 

Ale. GPS is a valuable tool that supports a broad range of NASA science applica- 
tions. The proposed mitigation techniques do not address the concerns of GPS-based 
science applications. There are no practical alternatives to GPS since they’d have 
to be specific to each of the areas described in the response to question la and, thus, 
prohibitively expensive. Should GPS not be available to support high precision 
science, it is likely that most of these science applications would quite simply not 
be performed. 

Qld. What current missions would be impacted, and what science is NASA at risk 
of losing? What upcoming missions would be affected? 

Aid. There are substantial risks to ongoing and planned NASA missions and 
science. In addition to impacts to space missions, and ground-based networks, there 
are also impacts when supporting operations such as rocket launches. 

Direct Impact to NASA Science 

• Space Missions Affected: NASA estimates 20-plus satellites will be launched for 
radio occultation measurements over the next 10 years. The normal upgrade 
cycle for flight receivers is 10 years, and the effective mission length of these 
satellites has been about eight years. 

• Ground-based Tracking Networks Affected: For impacts to NASA ground-based 
GPS occultation science on the Global Differential GPS (GDGPS) network, the 
cost is approximately $50 thousand per station, for a total of at least 100 NASA 
sites, which results in a conservative estimate of $5 million. An additional 500- 
plus sites for International Global Navigation Satellite Systems Service (IGS) 
totals $25 million with an additional $50 million for the National Science Foun- 
dation (NSF) Plate Boundary Observatory. 

A conservative overall estimate of the cost to NASA space and ground-based 
science missions directly at risk from LightSquared is $2. 1-plus billion. 

Impact to Rocket Launches 

NASA uses GPS for tracking launch vehicles at Wallops Flight Facility (WFF) and 
as the primary tracking source for the Autonomous Flight Safety System (AFSS) 
being developed by WFF and Kennedy Space Center (KSC). NASA also uses com- 
mercial rockets to launch science missions from the Eastern and Western Air Force 
Ranges that increasingly rely on GPS. Not knowing where a vehicle is during a 
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launch because of GPS interference could result in a rocket and its payload being 
destroyed unnecessarily. 

Additional Impacts 

• NASA Geodesy. It is difficult to estimate the costs associated with disturbing 
the GPS-based measurements used to maintain and update the reference frame, 
but these could be significant because these errors would in turn affect high 
precision uses such as climate and environmental monitoring. 

In summary, over the coming decade, scientists will be analyzing the data from 
orbiting spacecraft to characterize, understand, and predict variability and trends 
in Earth’s system for both research and applications. Over a third of the U.S. econ- 
omy is influenced by climate, weather, space weather, and natural hazards, and 
other applications of Earth Science. Thus, costs to society and the nation of losing 
NASA’s existing GPS-dependent capabilities would go well beyond the estimated 
$2.1 -plus billion in direct costs. 

Q2. NASA said in the Technical Working Group report that “it was impossible to 
adequately evaluate and thoroughly investigate potential interference mitigation 
options for space-based and high precision receivers.” LightSquared said in the 
same section of the report that it believes that a new type of receiver currently 
in development could be modified to achieve complete mitigation with minimal 
impact on NASA science missions. 

Q2a. What receivers did NASA and the Technical Working Group test? 

Q2b. What is required to evaluate a mitigation technology? 

Q2c. What is your view of LightSquared’s assessment that a receiver currently in de- 
velopment could be modified to provide complete mitigation? 

A2-2c. Only two space receivers (IGOR and TriG) were tested during the TWG 
process. Since the interference degradation from the LightSquared emission is high- 
ly dependent on the specific design of the GPS receiver front-end, the effect on other 
space receivers, including those used onboard the ISS and NASA launch vehicles, 
is unknown at this time. 

The proposed filters have not yet been made available to NASA from 
LightSquared or the filter manufacturers and, therefore, would need to be evaluated 
before a complete mitigation can be implemented. However, preliminary discussions 
with filter manufacturers (e.g.. Delta Microwave, which was referred to NASA by 
LightSquared) indicate filtering for high precision GPS receivers would result in sig- 
nificant degradation in receiver performance and accuracy. 

A mitigation technology must be evaluated analytically (e.g., via simulations), 
tested under controlled conditions (e.g., in anechoic chambers), and be operationally 
practical in real-world scenarios. 

Lacking an actual filter or other mitigation technology to test, it is not possible 
to prove claims that mitigation is possible or to measure the degree of performance 
degradation likely to be experienced by the GPS receiver. Complete mitigation is a 
desirable goal, but as yet there is no evidence to prove that this is possible, and 
much to suggest that it is not. If interference mitigation techniques are identified, 
testing would be necessary to determine the impact on receiver performance. 
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Responses by Hon. Peter H. Appel, 

Administrator, Research and Innovative Technology Administration, 

Department of Transportation 

Questions submitted by Chairman Ralph Hall 

Ql. How common are the wideband and high precision GPS receivers that are at 
risk of interference from LightSquared’s modified business plan that starts com- 
mercial operations with just the “lower” portion of its spectrum^ 

Qla. How much do they cost? 

Qlb. What is the normal upgrade or re-equipage cycle for these GPS receivers at 
your agency? 

Al-lb. Many Global Positioning System (GPS) receivers use wide portions of the 
GPS frequency band to provide extremely precise measurements used for applica- 
tions such as safety-of-life transportation applications, precision agriculture, earth- 
quake and infrastructure monitoring, severe weather forecasting, and surveying. 

The wider bandwidth allows for better signal tracking, which improves the accu- 
racy over low-cost GPS units that often are designed to function using a narrow 
bandwidth. These wideband GPS receivers include 90 percent of those used for avia- 
tion today in the U.S. (more than 60,000 aircraft), another 5,600-8,000 receivers on 
international operators’ aircraft from 105 nations coming into the U.S., and all of 
those receivers planned to be used in the future to support the Next Generation Air 
Transportation System (NextGen) navigation and surveillance. Wideband and high- 
precision receivers are also used in Unmanned Aircraft Systems and National Air- 
space System infrastructure. 

Many of the high-precision applications for transportation involve surve 3 dng, ma- 
chine control for construction, airborne and ground flight inspection, and reference 
receivers for differential networks. The cost for these receivers is generally a few 
thousand dollars. The Federal Aviation Administration (FAA) Wide Area Augmenta- 
tion System (WAAS) Program uses this class of receiver in all its ground reference 
station sites. The WAAS receivers generally cost on the order of $40,000 per unit. 
Beyond federal use. State and local governments and their contractors employ tens 
of thousands of high precision and timing receivers on a daily basis for road con- 
struction, asset management, and infrastructure monitoring. 

Timing receivers are used nationwide for traffic signal and operations coordina- 
tion in road and rail, in ground stations for Automatic Dependent Surveillance- 
Broadcast and the Automatic Identification System, and serve a number of applica- 
tions at Air Route Traffic Control Centers. 

The retrofit of existing aircraft occurs at points of opportunity as industry cycles 
its respective aircraft through maintenance cycles. The normal upgrade cycle ranges 
from 10 to 20 years. For other transportation applications, it is usually on the order 
of seven to 10 years. For positive train control (PTC) systems, however, the antici- 
pated upgrade cycle will be much closer to the 15- to 20-year range. 

Q2. LightSquared has agreed to a “standstill” on the use of the “upper” portion of 
their spectrum, the portion closest to the GPS signal. LightSquared has stated 
they would like to work with the GPS community to develop mitigation strate- 
gies in order to initiate commercial operations of the upper spectrum within two 
to three years. 

Q2a. Is DOT prepared to upgrade or re-equip all their GPS equipment in that time 
frame? 

Q2b. What would be the cost to implement this strategy within your agency? 

Q2c. Is two to three years a reasonable time frame to expect federal agencies to up- 
grade or re-equip? 

A2-2c. No mitigation measures have been identified for LightSquared’s use of the 
upper 10 megahertz (MHz) portion of the band. If mitigation measures are identi- 
fied, it would then take a minimum of 10 years to re-equip systems, based on an 
assumption of three years to complete standards and product development, followed 
by seven years to complete the retrofit. Based on these considerations, DOT cannot 
upgrade or re-equip GPS equipment in a two- or three-year period. 

The cost for DOT and its stakeholders to implement this strategy is likely over 
$10 billion, based on historical standards and equipment development and certifi- 
cation costs, in addition to the costs to industry of an upgrade/re-equip investment 
cycle. FAA estimates $6 billion in unplanned aviation retrofit costs alone. 
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In addition, the lack of mitigation measures would preclude many freight rail- 
roads’ and commuter railroads’ deployment of PTC hy December 31, 2015, which is 
mandated by section 104 of the Rail Safety Improvement Act of 2008 (RSIA) (49 
U.S.C. 20157). With the exception of the Northeast Corridor, the railroad industry 
is progressing with the implementation of GPS-based PTC systems. The same miti- 
gation-time considerations would be applicable the current GPS-based PTC systems. 
Shifting to non-GPS-based PTC systems, in an attempt to meet the RSIA’s deadline, 
would result in nonrecoverable expenditures for GPS-based PTC systems on the 
order of $3 billion to $4 billion or more as a yet-to-be-determined cost for alternative 
non-GPS-based PTC technology. As the GPS-based technology is cheaper than non- 
GPS-based technology, the current, roughly 20-to-l adverse cost-benefit ratio would 
become significantly worse. 

Q3. LightSquared’s modified business plan starts commercial operations with just 
the “lower” portion of its spectrum and will be limited to urban areas. Does this 
satisfy your concerns about short-term interference issues to wideband and high 
precision GPS receivers? If not, why not? 

A3. Initially limiting LightSquared service to urban areas does not satisfy DOT’s 
concerns, as aviation and other transportation safety and timing applications are 
widespread in urban areas. Per the U.S. National Space-Based PNT [Position, Navi- 
gation, and Timing] Policy, DOT is responsible for representing the space-based 
PNT interests of partner civilian Federal agencies, as well as our own. 

The impact of LightSquared’s initially operating on the lower 10 MHz will not be 
fully understood until additional testing is conducted. However, limited testing on 
the lower 10 MHz has demonstrated it is incompatible with many existing GPS high 
precision and timing receivers that operate both in urban and rural environments. 

Additional testing of the lower 10 MHz is required to assess the impact to general 
navigation and cellular devices that are prevalent within urban areas. 

Additionally, no testing has been performed on the effects of the LightSquared 
user handsets on GPS receivers. The frequency band proposed by Light Squared for 
these devices is 1620.5-1660.5 MHz. No testing has been performed on the handsets 
due to non-availability of hardware. 

Q4. Given that LightSquared has clearly shown that it intends to ultimately utilize 
both the upper and the lower portion of its spectrum, even with its new business 
proposal to start with just the lower portion, how is the new proposal really any 
different to your agency than their original proposal? 

A4. The new proposal is substantively no different than LightSquared’s original 
proposal, other than it delays implementation of the upper 10 MHz channel, which 
testing has demonstrated to have significant impact on virtually all GPS applica- 
tions. 

As noted previously, the impact of LightSquared initially operating on the lower 
10 MHz will not be fully understood until additional testing is conducted; however, 
limited testing on the lower 10 MHz has demonstrated it is incompatible with many 
existing GPS high precision and timing receivers. 

Q5. I understand there are now other companies exploring a similar terrestrial 
broadband business plan but in an entirely different part of the spectrum that 
would not interfere with the GPS signal. If we can accommodate the President’s 
goals for the Broadband Initiative using spectrum that doesn’t interfere with 
GPS, why should we risk the taxpayer investment in GPS? 

A5. DOT recognizes that there are other satellite-based terrestrial broadband busi- 
ness plans being proposed. DOT supports the President’s National Broadband Plan 
and welcomes approaches to providing increased wireless broadband services that 
do not impact existing critical infrastructure systems, such as GPS. 

Q6. Does DOT feel that adequate testing has been done on all of the issues associated 
with LightSquared interference on the agency’s missions? Should there be more 
testing on high precision units? 

A6. Testing and analysis to date have clearly demonstrated that LightSquared op- 
erations on the upper 10 MHz are incompatible with virtually all GPS applications. 
Limited testing on the lower 10 MHz has demonstrated that the proposed 
LightSquared signal emissions are incompatible with many existing GPS high-preci- 
sion and timing receivers. 

Additional testing of the lower 10 MHz is required to assess any impact to general 
navigation and cellular devices, as well as for high precision and timing receivers 
once the LightSquared-proposed filters and antennas for these devices are available. 
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Q7. Will the filters proposed by JAVAD GNSS and LightSquared mitigate the inter- 
ference problem to wideband and high precision GPS receivers'? If not, why not? 
If so, what testing has been done to demonstrate their effectiveness? Who should 
pay for this testing? 

A7. The proposed filter offered by LightSquared and a GPS receiver manufacturer, 
JAVAD, is designed to address LightSquared emissions only in the lower 10 MHz. 
It does not resolve the interference problem with LightSquared’s potential use of 
both the lower and upper 10 MHz channels. There is no known filter solution that 
could mitigate the degradation caused by an upper 10 MHz channel LightSquared 
signal emission. 

To our knowledge, no tests have been performed regarding the filter’s ability to 
reject the LightSquared signal while still maintaining GPS receiver capability. 
LightSquared has stated that the filter for the high-precision and timing devices 
will be available for Federal Government testing in November 2011 and March 
2012, respectively. 

LightSquared has offered to pay for testing, but it is not clear that the Federal 
Government can legally accept this offer. DOT has no position on who should pay 
for this testing. DOT continues to pursue ways to participate in the testing within 
existing resources, as DOT could not have anticipated this unexpected expense and 
made the appropriate budgetary request. 

Q8. Are there currently any mitigation strategies that make sense for wideband or 
high precision GPS receivers? 

A8. There are currently no known mitigation strategies that make sense for wide- 
band or high precision GPS receivers. Mitigation measures have not been identified 
for LightSquared’s use of the upper 10 MHz portion of the band. LightSquared and 
JAVAD have proposed a filter designed to address LightSquared emissions only in 
the lower 10 MHz. To our knowledge, no tests have been performed regarding the 
filter’s ability to reject the LightSquared signal while still maintaining GPS receiver 
capability. 

Q9. How much would it cost your agency to mitigate the interference issues from the 
LightSquared signal on your missions? 

Q9a. Does your agency currently have funds set aside for this purpose? 

A9-9a. There are currently no known mitigation strategies that make sense for 
wideband or high precision GPS receivers. Mitigation measures have not been iden- 
tified for LightSquared’s use of the upper 10 MHz portion of the band. If mitigation 
measures are identified, it would take a minimum of 10 years to re-equip systems, 
as previously stated. 

As previously stated, the cost for DOT and its stakeholders to implement this 
strategy is likely over $10 billion. FAA estimates $6 billion in unplanned aviation 
retrofit costs alone. 

DOT does not have any funds identified to mitigate interference issues from the 
LightSquared signal for our mission, and it is not clear that the issues could be 
mitigated at any cost. 

QIO. Since August 15, the FCC has had the ability to rule on the LightSquared pro- 
posal, and to my knowledge, NTIA has yet to submit comments to the FCC on 
behalf of affected agencies. 

QlOa. Has NTIA provided your comments to the FCC? 

QlOb. Will DOT submit its comments directly to the FCC if NTIA fails to do so? If 
so, when? 

QlOc. Would you agree that your agency’s assessment should be made public so that 
everyone can understand the extent to which LightSquared interference to 
GPS will impact the ability of your agency to perform its duties, and the costs 
that may be incurred due to this interference? 

AlO-lOc. To our knowledge, the National Telecommunications and Information Ad- 
ministration (NTIA) has not formally provided DOT’s July 21, 2011, comments on 
LightSquared’s proposal to the Federal Communications Commission (FCC). DOT 
does not plan to submit its comments directly to the FCC. DOT supports NTIA’s 
role as the principal Executive Branch adviser on telecommunications policies. 

DOT looks forward to participating in the upcoming test of the lower 10 MHz on 
general navigation and cellular devices and then testing precision and timing receiv- 
ers early next year. We anticipate that NTIA will provide the outcome of those tests 
to the FCC. 
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Qll. The DOT letter to the NTIA provides many details on the impaet on the Next 
Generation Air Transportation System (NextGen) from the latest LightSquared 
proposal. Estimates range from 10 years to design and certify modified equip- 
ment in the civil aviation fleet, delayed deployment of NextGen by 10 years, 
and additional eosts of billions of dollars. 

Qlla. How is DOT planning to pay for these delays and the neeessary mitigation 
implementation 1 

All-1 la. Current technology does not provide a mitigation capability for certified 
aircraft avionics without severe performance degradation. If a compatible GPS 
equipment mitigation were identified and determined acceptable, the FAA estimates 
that the cost impact to modify all aircraft would be $6 billion. The necessary avi- 
onics modification costs would normally be an airlines and aircraft operators’ ex- 
pense. Additionally, approximately $17 billion in NextGen investments would need 
to be replanned including civil aviation industry estimated investments of $9 billion 
and $8 billion in FAA infrastructure investments. The FAA would require additional 
obligation authority to address cost growth as a result of replanning and procure- 
ment, integration, and logistics support for U.S. National Airspace System (NAS) 
GPS timing and high-precision infrastructure equipment. 

Q12. Your testimony mentions a possible mitigation technique where NextGen would 
rely on the navigation signals of the Russian GLONASS System instead of 
GPS. To what extent will the NextGen program rely on the Russian GLONASS 
system if the FAA is forced to proceed with this mitigation strategy 1 

A12. The FAA would not find it acceptable to base the U.S. National Airspace Sys- 
tem, as a key element of U.S. critical infrastructure, solely on the use of a foreign 
global navigation satellite system (GNSS). FAA NextGen infrastructure is currently 
based upon the use of GPS and the Wide Area Augmentation System (WAAS). The 
2010 National Space Policy states “Foreign positioning, navigation, and timing 
(PNT) services may be used to augment and strengthen the resiliency of GPS.” 

When the Russian Federation achieves full GLONASS operational status and pro- 
vides GLONASS performance standard commitments to the international commu- 
nity that are consistent with International Civil Aviation Organization (ICAO) 
standards and recommended practices, the FAA and GPS manufacturers could as- 
sess the cost effectiveness of developing GPS/GLONASS equipment that might pro- 
vide acceptable function in the presence of LightSquared’s proposed upper 10 MHz 
channel emissions. However, GLONASS-capable receivers, which operate on fre- 
quencies further away from the proposed LightSquared base station frequencies, 
would also need to be assessed for potential interference from LightSquared user 
handsets that transmit at GLONASS frequencies. 

It should be noted that the FAA has worked with other elements of the U.S. gov- 
ernment to encourage interoperability of other governments’ GNSS with GPS. Most 
foreign GNSS providers plan to transmit an interoperable wideband LI signal that 
is compatible with the modernized GPS LlC signal. These new wideband GNSS sig- 
nals are expected to have greater susceptibility to the effects of LightSquared inter- 
ference. 

Q13. DOT estimates that aircraft retrofit costs will be $6 billion and take six to 10 
years to fully deploy. What are the costs associated with the loss of productivity 
or environmental impacts from the delays to the NextGen system? 

A13. The FAA estimated that if LightSquared were to use the upper 10 MHz chan- 
nel starting in 2014, the loss of productivity and environmental impacts over a 10- 
year retrofit/replanning period would result in an estimated impact to aviation com- 
munity of at least $2 billion in baselined GPS aviation efficiency benefits. In addi- 
tion, it would severely impact the NextGen program, with a loss of $59 billion in 
estimated benefits and an associated 31 million tons of additional carbon dioxide 
emissions savings. 

Q14. What is the impact on safety if the GPS signal is unavailable or degraded be- 
cause of interference from the LightSquared network signal? 

A14. DOT provided the results of an operational, economic, and public safety im- 
pact assessment of the original LightSquared Concept of Operations (upper and 
lower 10 MHz channels) in a letter to NTIA on July 21, 2011, which is posted on 
the Committee’s website. DOT supports the statement made by FCC Chairman 
Genachowski during an August 9, 2011, press conference on LightSquared, “We’re 
not going to do anything that creates problems for GPS safety and service as we 
explore technical solutions that will both protect GPS and allow a new service to 
launch.” 
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Q15. DOT has stated that use of the LightSquared “upper” portion of its spectrum, 
the portion closest to the GPS signal, is unacceptable at any power level. How- 
ever, LightSquared’ s newly proposed plan still relies on the utilization of the 
upper spectrum in the 2013-14 time frame. How long would it take the Depart- 
ment to implement mitigation measures and re-equip its systems to be compat- 
ible with this time framel 

A15. As previously stated, no mitigation measures have been identified for 
LightSquared’s use of the upper 10 MHz portion of the band, and if mitigation 
measures are identified, re-equipping systems would take at least 10 years. 

Q16. Your testimony states that approximately 60,000 civil aircraft would need to be 
retro-fitted with new GPS equipment to mitigate the impacts of the interference 
from the LightSquared signal. How much would it cost the FAA and the air- 
lines to retro-fit those aircraft'? 

A16. A mitigating technology has not been developed and may not be feasible. The 
FAA estimate was based on an assumed replacement of existing GPS avionics 
equipment. The FAA estimated that aircraft equipment retrofits would cost the air- 
lines and aircraft operators $6 billion to retrofit, if LightSquared deployed using 
both the upper and lower 10 MHz channels. 

Q17. LightSquared has stated that their new approach will solve “99.5 percent” of 
the interference problems for GPS. Do you agree with that assumption? Can 
you explain how LightSquared has quantified this claim? 

A17. DOT does not agree with that assumption based upon an understanding of 
current technology. No one knows exactly how many GPS receivers are in use today. 
Moreover, none of the testing groups — the Technical Working Group, RTCA, Inc. or 
the National Space-Based PNT Engineering Forum — performed comprehensive test- 
ing of just the lower 10 MHz option. More testing is needed to determine which 
users would be affected. 

DOT has no insight into how LightSquared quantified this estimate. 


Questions submitted by Acting Ranking Member Mr. Costello 

Ql. Your prepared statement indicates that FAA has initiated an Alternative Posi- 
tioning, Navigation, and Timing research program to identify technologies that 
meet the requirements of NextGen in the event that GPS is disrupted. What is 
the nature of the research program, when was it initiated, and what has been 
accomplished so far? 

Al. The Alternate Positioning Navigation and Timing (APNT) research program is 
tasked to assess various architectures to provide position, navigation, and timing 
(PNT) services, as a backup to GPS for the U.S. National Airspace System (NAS) 
in the 2025 time frame. This program was initiated in 2009, with a goal of identi- 
fying a more cost-effective backup for temporary GPS disruptions (e.g., testing or 
interference). The APNT program is not intended to replicate the full performance 
and economic efficiencies provided by GPS and the Wide Area Augmentation System 
(WAAS). APNT studies and public meetings are being conducted to scope the re- 
quirements for, and technical trade-offs of, a cost-effective GPS backup for the NAS. 

Q2. How is the safety of General Aviation impacted by the potential loss of GPS ca- 
pability? Has FAA documented any decrease in fatalities in General Aviation as 
a direct result of the use of GPS? 

A2. The safety benefits associated with General Aviation (GA) use of GPS have 
been significant. The earliest hard evidence of the benefits from such equipment 
came from the CAPSTONE program in Alaska and its demonstration of GPS navi- 
gation, moving maps and Automatic Dependent Surveillance-Broadcast (ADS-B). 
Based on a before-and-after comparison of accidents in Alaska from FY 2002 
through FY 2005 (before the surge in glass cockpits as standard equipment in the 
GA fleet improved visibility), a detailed study by FAA and Mitre found that CAP- 
STONE alone would reduce fatal accidents in Alaska by one-third. 

Nationally, in the past five years fatal Controlled Flight Into Terrain (CFIT) acci- 
dents in GA and Part 135 (commuter and on-demand) operations have decreased 44 
percent from the preceding five years, while fatal approach-and-landing accidents 
and all fatal accidents at night have decreased by 30 percent. GPS and glass cock- 
pits together are a primary explanation for these improvements, and these rapid im- 
provements will likely continue for several more years as GPS-based equipment con- 
tinues to penetrate the GA market. The actual decrease in fatalities from CFIT, ap- 
proach-and-landing, and nighttime accidents has averaged 76.6 per year over the 
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past five years versus the preceding five years. Part of this decrease can be attrib- 
uted to the fact that GA and on-demand Part 135 hours flown are down an average 
of about 6.2% annually in the past five years versus the preceding five years, so one 
would expect at least some decline in various types of accidents. However, if one 
were to adjust the annual average to account for this reduction in volume, there re- 
mains an annual average observed reduction of about 73 fatalities per year that 
FAA believes is attributable directly to GPS. 

With the loss of GPS, those benefits already achieved would be immediately re- 
versed, and the opportunity for even more long-term benefits would be lost. Unlike 
air carriers, GA losses would not be offset by air traffic control and Instrument 
Landing Systems (ILS) because the GA fleet would either not be equipped with ILS 
or may not be under air traffic control. 

Q3. Assuming filters can be developed, what is involved in certifying new electronics 
incorporating such filters and retrofitting the aircraft fleet? What is the basis for 
FAA’s projected time frame of 10 years to perform retrofits? 

A3. It is technically questionable if filters can be developed that would mitigate 
the negative effects of GPS on aviation users and still provide the required perform- 
ance, and comply with the size and environment constraints required to install them 
on aircraft. Assuming such a technical breakthrough is possible, it typically takes 
several years to develop a revised technical standard that is agreed to by the indus- 
try. The development of an approved product takes several more years, as a specific 
design is updated to ensure reliable performance under the stressing conditions of 
an aircraft and to ensure there are no failure conditions that adversely affect safety. 

Once the equipment is available, it can take years to retrofit all aircraft. The ret- 
rofit of existing aircraft occurs at points of opportunity as industry cycles its respec- 
tive aircraft through maintenance cycles, in order to reduce the costs of the retrofit. 
The current level of GPS equipage has been achieved after 17 years of equipment 
availability, and has been motivated by the benefits that GPS delivers. There are 
a number of factors which can reduce this time, including mandates or cost-sharing 
or reimbursement (e.g., if LightSquared or another entity paid for the retrofit). An 
estimate of ten years assumes an effective mandate and is based on an assumption 
of three years to complete standards and product development, followed by seven 
years to complete the retrofit. 

Q4. In describing the impact of the proposed LightSquared network on its operations 
to NTIA, FAA stated that LightSquared’s proposal “could adversely affect U.S. 
international leadership in aviation.” Could you expand on this statement by 
identifying areas in which U.S. leadership would be affected? 

A4. GPS is used globally for aviation, and has spurred development of similar sys- 
tems by the European Union, Russia, Japan, India, and China. Due to the market 
dominance and excellent record of service of GPS, the U.S. has maintained an inter- 
national leadership position, to protect GPS reception from interference, to promote 
signal compatibility, and to promote acceptance of GPS for aviation in countries that 
do not have their own infrastructure. Recognizing that the protection of GPS from 
interference has been a significant component of the U.S. position, a decision to ap- 
prove any system that causes widespread interference would jeopardize our credi- 
bility and damage our leadership position in aviation use of GPS. 
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Responses by Dr. David Applegate, 

Associate Director, Natural Hazards, U.S. Geological Survey 

Questions Submitted by Chairman Ralph Hall 

Ql. How common are the wideband and high precision GPS receivers that are at 
risk of interference from LightSquared’s modified business plan that starts com- 
mercial operations with just the “lower” portion of its spectrum^ 

Qla. How much do they cost? 

Qlb. What is the normal upgrade or re-equipage cycle for these GPS receivers at 
your agency? 

Al-lb. Wideband high precision GPS receivers are fairly commonplace. The De- 
partment of the Interior owns over 6,000. They are used for a variety of applications 
from surve 3 dng and mapping to earthquake and volcano monitoring. The testing 
conducted to date shows that high precision GPS receivers are susceptible to inter- 
ference from the lower portion of the spectrum proposed for use by Lightsquared. 
These receivers come in a variety of makes and models and their prices vary from 
about $5,000 to as much as $30,000. The typical upgrade cycle for this type of equip- 
ment ranges from eight to 15 years. 

For example, the U.S. Geological Survey’s (USGS) Earthquake Hazards Program 
is in the process of upgrading high precision GPS receivers that monitor crustal de- 
formation in earthquake-prone southern California. Of the 102 high precision receiv- 
ers operated by the USGS in that region, 38 are 15 years old, 35 are less than 10 
years old but are now obsolete and no longer manufactured, and 29 are the new 
modern receivers. The USGS is in the process of upgrading all 38 of the oldest re- 
ceivers, and most of the 35 older receivers. 

Q2. LightSquared has agreed to a “standstill” on the use of the “upper” portion of 
their spectrum, the portion closest to the GPS signal. LightSquared has stated 
they would like to work with the GPS community to develop mitigation strate- 
gies in order to initiate commercial operations of the upper spectrum within two 
to three years. 

Q2a. Is USGS prepared to upgrade or re-equip all their GPS equipment in that time 
frame? 

Q2b. What would be the cost to implement this strategy within your agency? 

Q2c. Is two to three years a reasonable time frame to expect federal agencies to up- 
grade or re-equip? 

A2-2c. There are no known mitigation strategies that have been shown to be effec- 
tive, particularly for the upper portion of the LightSquared spectrum. So it seems 
very unlikely that effective mitigation can be accomplished for the upper portion of 
the spectrum in two to three years. It would be equally difficult for the USGS to 
re-equip all of our GPS equipment even if mitigation for the upper portion were re- 
alized. For instance, the USGS has replaced 38 receivers in one year as part of the 
modernization effort by the USGS Earthquake Hazards Program. The USGS up- 
grades were delayed because of technical problems that are now resolved but which 
added months to the modernization process, which is expected to be completed later 
this year. This small number of receivers took over a year to be replaced, and the 
process is still not complete. 

It is difficult to estimate the cost of replacing GPS equipment in a two-three year 
time frame. However, based upon the 2010 DOI GPS Survey, the USGS estimates 
$20^0 million has been invested for current USGS GPS hardware and software. 
If we include labor and training cost, the USGS believes a GPS replacement strat- 
egy would double the estimated cost resulting in expenditures between $40-80 mil- 
lion. It does not seem reasonable for federal agencies to re-equip in this short time 
frame even if we had the resources to do so. 

Q3. LightSquared’s modified business plan starts commercial operations with just 
the “lower” portion of its spectrum and will be limited to urban areas. Does this 
satisfy your concerns about short-term interference issues to wideband and high 
precision GPS receivers? If not, why not? 

A3. No, Lightsquared has acknowledged, and the testing showed, operations in the 
lower portion of their spectrum cause harmful interference to high precision GPS 
receivers. No known techniques have yet been shown to mitigate this harmful inter- 
ference. The USGS has a range of applications in urban areas using high precision 
GPS receivers. For example, the USGS and its partners operate a network of high 
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precision GPS receivers for monitoring earthquakes in urban areas of Alaska, Cali- 
fornia, Nevada, Utah and Washington states. In addition, of the 9,000 nationwide 
USGS watergages, many are located in or near urban areas and may also be im- 
pacted because they use GPS timing receivers for data transmissions. 

Q4. Given that LightSquared has clearly shown that it intends to ultimately utilize 
both the upper and the lower portion of its spectrum, even with its new business 
proposal to start with just the lower portion, how is the new proposal really any 
different to your agency than their original proposal^ 

A4. LightSquared‘s new plan is different in that it starts with the lower portion 
of the spectrum. Testing on this lower portion of the spectrum has been limited so 
further testing on this lower portion of the spectrum is needed to better understand 
whether LightSquared’s signal causes harmful interference for GPS. 

The higher portion of the spectrum is clearly problematic for the foreseeable fu- 
ture. The use of LightSquared’s transmissions in the higher portion of their pro- 
posed spectrum is already known to cause harmful interference to GPS. 

Q5. I understand there are now other companies exploring a similar terrestrial 
broadband business plan but in an entirely different part of the spectrum that 
would not interfere with the GPS signal. If we can accommodate the President’s 
goals for the Broadband Initiative using spectrum that doesn’t interfere with 
GPS, why should we risk the taxpayer investment in GPS? 

A5. GPS is a critical technology for the USGS. If different spectrum can be found 
located further from the GPS band for broadband signals, such a move would solve 
the harmful interference concerns. 

Q6. Does USGS feel that adequate testing has been done on all of the issues associ- 
ated with LightSquared interference on their agency’s missions? Should there be 
more testing on high precision units? 

A6. The USGS believes that additional testing of the lower portion of 
LightSquared’s spectrum is needed. This new approach by LightSquared was not 
tested nor was it part of LightSquared’s original plan. High precision receivers were 
particularly impacted in the limited testing that has been done on LightSquared’s 
lower portion of the spectrum. The USGS believes that additional testing of high 
precision receivers is needed particularly to evaluate whether mitigation techniques 
to eliminate harmful interference are feasible without impacting performance. 

Q7. Will the filters proposed by JAVAD GNSS and LightSquared mitigate the inter- 
ference problem to wideband and high precision GPS receivers? If not, why not? 
If so, what testing has been done to demonstrate their effectiveness? Who should 
pay for this testing? 

A7. USGS has examined the filtering techniques that are proposed by JAVAD 
GNSS. USGS believes this is a serious effort that holds some promise of mitigating 
the harmful interference effects of the lower portion of LightSquared’s spectrum. It 
should be noted, however, that this filtering technique does not mitigate the higher 
portion of LightSquared’s spectrum, nor was it designed to. As of Oct 7, 2011, no 
equipment or filters have been manufactured by JAVAD GNSS. Once this equip- 
ment is available, it will need thorough testing and evaluation to see if it does effec- 
tively mitigate the harmful interference without impacting the performance of high 
precision receivers. 

Plans for testing are under consideration, and the USGS believes that govern- 
ment-led testing is appropriate to obtain unbiased results and analysis. The cost of 
the testing, however, would not be insignificant and is not included the FY 2012 
Budget. 

Q8. Are there currently any mitigation strategies that make sense for wideband or 
high precision GPS receivers? 

A8. No known mitigation techniques have been shown to work for harmful inter- 
ference from LightSquared’s signals. High precision receivers that employ a wide 
bandwidth are particularly susceptible to this harmful interference. Alternative 
spectrum has been recommended by the Space-Based Positioning, Navigation, and 
Timing Advisory Board. 

Q9. How much would it cost your agency to mitigate the interference issues from the 
LightSquared signal on your missions? 

Q9a. Does your agency currently have funds set aside for this purpose? 
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A9-9a. No known mitigation techniques have been shown to work for harmful in- 
terference from LightSquared’s signals. It is not clear what the cost of mitigation 
would be. The USGS estimates the replacement cost of current GPS equipment to 
be about $40-80 million. The USGS does not have funds set aside to mitigate harm- 
ful interference from LightSquared’s signals, nor are those costs included in the FY 
2012 Budget. 

QIO. Since August 15, the FCC has had the ability to rule on the LightSquared pro- 
posal, and to my knowledge, NTIA has yet to submit comments to the FCC on 
behalf of affected agencies. 

QlOa. Has NTIA provided your comments to the FCC? 

QlOb. Will USGS submit its comments directly to the FCC if NTIA fails to do so? 
If so, when? 

QlOc. Would you agree that your agency’s assessment should be made public so that 
everyone can understand the extent to which LightSquared interference to 
GPS will impact the ability of your agency to perform its duties, and the costs 
that may be incurred due to this interference? 

AlO-lOc. The USGS is unaware of what specific actions NTIA has taken with the 
information that has been provided by the Department of the Interior. The USGS 
will continue to work within the Department to convey additional comments as ap- 
propriate. These comments contain core deliberative communications from Executive 
Branch agencies that provide critical advice to NTIA in its role as spectrum man- 
ager on behalf of the Federal Government. Agency comments have not yet been re- 
leased to the public in keeping with this deliberative process. 

Qll. The Department of Interior letter to the NTIA states that impacts to natural 
disaster response, law enforcement, and seismic and volcanic monitoring will 
be caused by the LightSquared network. The Department estimates the costs to 
mitigate the problems associated with those areas range from $250M to $500M. 

Qlla. Do these costs stay the same if LightSquared is allowed to begin commercial 
operations utilizing the “lower” portion of its spectrum? 

Qllb. Does this level of additional funding currently exist in the Department’s budg- 
et? In other words, would the Department need additional funding to carry 
out its mitigation strategy or are there sufficient funds available? 

Qllc. What sort of hard choices would need to be made to offset that spending? Are 
there modernization plans or capabilities that would be put on hold to deal 
with the interference issues? 

All-llc. The Department of the Interior estimated the replacement costs of the 
existing GPS infrastructure within the Department. The Department, including the 
USGS, does not know what the cost to mitigate LightSquared’s signals will be be- 
cause it has not yet been shown they can be mitigated. Without additional testing, 
including demonstration of mitigation techniques, it will be difficult to know what 
mitigation actions will be effective, the impact on performance, and what their cost 
might be. 

Whatever the cost, the USGS has not planned for any funding to pay for receiver- 
based mitigations. 

Any decision about how to implement a receiver-based mitigation strate^ over a 
short period of time would pose a significant challenge. It is likely our services that 
rely on GPS would be impacted. As we learn more about mitigation techniques and 
implementation decisions, the USGS will be able to refine its approach to mitiga- 
tion. 

At present, the USGS is continuing to implement GPS equipment modernization. 
For example, the USGS is planning on installing 60 modern high precision GPS re- 
ceivers in the next year to enhance its earthquake monitoring capabilities. 

Q12. The Department of Interior letter to the NTIA states that the Department has 
approximately $100M to $200M invested in GPS technology. Of particular note, 
the letter states that The Department spent almost $2M last year on state-of- 
the-art GPS equipment for its Earthquake and Volcano Hazards Programs. If 
LightSquared is allowed to begin commercial operations, would that new ex- 
pensive equipment essentially become obsolete? 

A12. No, the equipment would still be state-of-the-art, but it would be susceptible 
to interference from LightSquared’s signals. The equipment would work fine in 
areas far enough away from LightSquared base station transmissions. For example. 
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the equipment could be used for post-disaster missions in foreign countries, where 
Lightsquared is not operating. 

Q13. This summer the country battled forest fires in Texas, flooding in the north- 
east, and reeently experienced a rare earthquake here in the Washington area. 
How would our understanding of these events be impacted by the LightSquared 
network? 

A13. Our understanding of the potential impact of the LightSquared network is 
based on an understanding of our current activities and those of other bureaus in 
the Department of the Interior. The LightSquared signals would make it more dif- 
ficult to fight fires, and to collect earthquake, flood, and volcano data, because of 
the harmful interference to GPS. In short, it would set back USGS mission activi- 
ties, and our understanding of these events would be more limited, compromising 
situational awareness for emergency response. 
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Responses by Mr. Jeffrey J. Carlisle, 

Executive Vice President, Regulatory Affairs 
and Public Policy, LightSquared 

Questions Submitted by Chairman Ralph Hall 

Ql. Given that LightSquared has clearly shown that it intends to ultimately utilize 
both the upper and the lower portion of its spectrum, even with its new business 
proposal to start with just the lower portion, how is the new proposal really any 
different than the original proposal? 

Al. Our new proposal is entirely different from our old business plan and is a sig- 
nificant concession to the use of our spectrum by GPS manufacturers. Importantly, 
it eliminates the need for replacing hundreds of millions of GPS devices used by con- 
sumers and the aviation industry. 

We respectfully disagree with the premise of the question. Eventually, 
LightSquared will need to add additional capacity to its network, assuming retailers 
using the network bring enough subscribers to require such capacity. We do not ex- 
pect to need such capacity for five to six years at least. When needed, this additional 
capacity could be added by bringing the upper portion of our spectrum online. How- 
ever, it could also be met by (1) adding more towers in the lower part of our spec- 
trum, (2) using the upper portion in ways that are substantially different from the 
old plan (lower power, etc.), and (3) using alternative spectrum. Moreover, it must 
be borne in mind that our customers are retailers who can reasonably be expected 
to have alternatives in the marketplace by the time we would need to add more ca- 
pacity. 

Accordingly, our intent is exactly what we proposed to the FCC: to move forward 
with deployment on the lower portion of the spectrum, while setting aside the upper 
portion in order to allow a further discussion of how safe deployment of that spec- 
trum could be achieved within a commercially reasonable time frame. The above al- 
ternatives must be explored in an objective way, but there is no need for that proc- 
ess to delay the deployment of an urgently needed network on the lower portion of 
spectrum. 

Implementing this proposal will cost the company $100 million. This is a signifi- 
cant cost to LightSquared, particularly in light of the fact that the interference prob- 
lem at issue is caused by GPS receivers looking into the spectrum licensed to 
LightSquared. This proposal, however, allows us to move forward with a network 
deployment while removing the need for anyone to replace cellular, personal naviga- 
tion, timing or aviation devices. 

Q2. I understand there are now other companies exploring a similar terrestrial 
broadband business plan but in an entirely different part of the spectrum that 
would not interfere with the GPS signal. If we can accommodate the President’s 
goals for the Broadband Initiative using spectrum that doesn’t interfere with 
GPS, why should we risk the taxpayer investment in GPS? 

A2. LightSquared’s proposals eliminate the need to replace all but a small portion 
of precision GPS devices. As discussed in further detail below, GPS manufacturers 
are already stepping forward with solutions for the remaining number of precision 
devices — estimated to number about 750,000 devices total but those requiring re- 
placement or retrofit are likely to he far fewer. Thus, it is not accurate to say that 
development of our spectrum puts the taxpayer investment in GPS at risk in any 
way. Teixpayers will continue to have access to a robust GPS system and also have 
the substantial benefits of a competitive nationwide wireless broadband network. 

With respect to alternatives, while all alternatives should be pursued, the U.S. 
cannot afford to turn its back on a privately funded network that will bring signifi- 
cant amounts of spectrum to market and invest $14 billion in the U.S. economy. 
Even though there are initiatives underway to make more spectrum available, it 
will be some number of years before any of this spectrum will actually be made 
available to consumers. The National Broadband Plan identified 300 MHz of spec- 
trum that should be made available for mobile broadband within five years, and 500 
MHz within 10 years. LightSquared’s spectrum is included in that 300 MHz, along 
with all other spectrum that could reasonably made available. Yet more than a year 
and a half after release of the Plan, only the LightSquared spectrum is on the verge 
of deployment. None of the other spectrum identified has any clear timetable for de- 
ployment. 

• The 700 MHz “D Block” has not been auctioned as planned and may be needed 
for the national public safety broadband network. 



152 


• Little progress has been made in preparing the “AWS” spectrum for auction, in 
part because of the difficulty of reallocating government spectrum, which re- 
quired relocating government users. 

• The companies that held the MSS S-band spectrum in 2009 have been through 
bankruptcy and the buyers of that spectrum are awaiting approval from the 
FCC. 

• Although the WCS spectrum has been licensed, none of the owners have an- 
nounced any plans to deploy it. 

• The FCC does not have authority to reclaim and auction television broadcast 
spectrum, as the National Broadband Plan proposed. Even if Congress grants 
authority, it appears that perhaps 60 to 84 MHz of broadcast spectrum could 
be made available at most, rather than the 120 MHz originally planned. Auc- 
tion of that spectrum is many years away. 

Moreover, deployment of much of this spectrum will be delayed by the inevitable 
presence of existing users and nearby operators who deploy inefficient receivers (like 
GPS manufacturers). In the meantime, Americans will continue to live and work at 
a significant disadvantage to other countries — the U.S. is currently 15th in the 
world in terms of broadband adoption. Additional spectrum and competitive net- 
works are desperately needed to address this situation, and LightSquared could 
start providing service next year. 

Finally, it is important to understand that this is not the first technology GPS 
has threatened and it will not be the last. GPS receiyers are, in some cases, so poor- 
ly designed that they can be sensitive to transmissions many tens of megahertz to 
either side of the frequencies actually authorized for GPS. The only spectrum suit- 
able for mobile wireless broadband network is at frequencies of 3 GHz or less, and 
GPS sits square in the middle of that range at 1.6 GHz. The threat to taxpayers 
thus comes from the insistence of a few GPS manufacturers on selling inefficient 
receivers that have the effect of blocking needed services in other bands. Our net- 
work is threatened by this inefficiency, and proposed future spectrum is close 
enough to GPS to conceivably raise interference issues. Given that the interference 
problem can be solved, it should be, as otherwise GPS manufacturers will continue 
to delay or even stop beneficial technologies from reaching the public. 

Q3. Will the filters proposed by JAVAD GNSS and LightSquared mitigate the inter- 
ference problem to wideband and high precision GPS receivers'? If so, what test- 
ing has been done to demonstrate their effectiveness? Who should pay for this 
testing? 

A3. The new Javad device eliminates potential overload interference to wideband 
and high precision GPS devices, and shows that all manufacturers can quickly and 
inexpensively deploy such solutions. The Javad solution was accomplished simply by 
upgrading the components and signal processing in an existing product. Prior to 
this, many in the GPS industry had claimed that it was impossible to design a high 
precision GPS receiver that could operate in this environment. Javad is expected to 
have units ready for testing as early as November 14, 2011. These can be tested 
by the government by the terms prescribed by NTIA in its letter of September 9 
to PNT ExCom. Alternatively, LightSquared has also engaged an independent lab- 
oratory for testing if necessary. To be clear, LightSquared is happy to pay for any 
testing necessary to yalidate this or any other solutions. 

Q4. In your testimony you state that LightSquared’s “ground network will provide 
over 260 million people with wireless broadband service.” Can you meet that 
goal by only utilizing the lower portion of your spectrum, as you recently pro- 
posed? 

Q4a. Have no other companies proposed developing spectrum for 4G Broadband? 

A4^a. Yes. We can meet the FCC coverage requirement of reaching 260 million 
people by the end of 2015 utilizing the lower portion of our spectrum. As discussed 
in response to question 1, above, adding the upper portion is one way of addressing 
the eventual need for capacity assuming subscribers (and data usage) increases, but 
not the only way. 

As of this date, the only companies that have proposed deploying nationwide 4G 
networks are AT&T, Verizon Wireless, Clearwire, and Sprint (building out both 
their own and our spectrum). There are no other nationwide networks currently pro- 
posed. Moreover, as mentioned in response to question 2, there are no alternatives 
for spectrum that could be deployed for the next several years. The United States, 
then, cannot afford a “not in my back yard” approach to spectrum. There are no 
“clear” portions of spectrum proposed to be brought online in the foreseeable fu- 
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ture — there will always be transition costs given that spectrum is extremely crowd- 
ed and will remain so. Accordingly, it is crucial that the U.S. resolve all spectrum 
issues — such as the current one — in ways that (1) promote coexistence and (2) pre- 
vent inefficient users of spectrum from blocking infrastructure investment. 

Q5. The media has reported that LightSquared believes its move to the lower part 
of the Mobile Satellite Service band resolves GPS interference problems for 
99.5% of receivers. Can you explain to us how you arrived at that 99.5% num- 
ber? Is your analysis of that data consistent with industry standards for ana- 
lyzing interference? 

A5. These numbers were derived based on the testing that was conducted by the 
members of the GPS community and LightSquared as part of the Technical Working 
Group. LightSquared estimates that there are over 400 million GPS units currently 
in use in the United States. Of these, approximately 300 million reside within cel- 
lular phones, 100 million reside in general location/navigation (GLN) devices, 500 
thousand in high precision devices and another 500 thousand used in timing and 
aviation devices. 

Representative samples of all classes of devices were tested by the TWG and 
LightSquared’s assessment of the efficacy of its mitigation plan is based entirely on 
the results attained in the TWG testing, and for aviation devices on the results of 
an analysis of existing minimum performance standards and testing of some avia- 
tion devices. 

Cellular 

Every cellular device tested by the TWG showed no degradation of operation ac- 
cording to established industry and regulatory standards. Thus, LightSquared was 
able to conclude that none of the 300 million cell phones in use would be impacted 
by its operation on the lower 10 MHz channel. 

General Location I Navigation (GLN) 

The results of the testing of the GLN devices also showed that they would be un- 
affected by LightSquared’s operation on the Lower 10 MHz channel. There was ini- 
tially disagreement between GPS manufacturers and LightSquared on the appro- 
priate interference threshold and on propagation models to predict LightSquared’s 
on-the-ground signal strength. The LightSquared commitment to initially limit its 
measured power to a power level of -30 dBm eliminates any basis for disagreement. 
Even though TWG testing showed that there were two outlier devices that did expe- 
rience a slight rise in the noise floor at this signal strength, there was no indication 
whatsoever that this would impact the normal performance of the devices tested. 
Thus the TWG results confirm that none of the 100 million GLN devices would be 
impacted by LightSquared’s proposed operating parameters. 

Timing 

Timing devices showed similar results, with all but one tested showing no impact 
from LightSquared’s proposed operation even using the GPS industry’s very con- 
servative interference criteria. The confidentiality requirements imposed by the 
TWG prevent LightSquared from disclosing specific information about the one 
outlier device, but LightSquared believes this device to be in very limited use and 
has already identified mitigation options which it can address directly with the 
manufacturer and users of the device in question. 

Aviation 

The limited number of aviation devices tested by the TWG showed complete resil- 
ience to LightSquared’s lower 10 MHz operation. However the FAA and aviation in- 
dustry have previously indicated that the preferred approach for determining poten- 
tial impact to aviation uses of GPS is through an analysis of LightSquared’s oper- 
ating parameters in the context of existing minimum performance standards for 
GPS devices used in Aviation. The TWG report concluded that additional study was 
needed to determine whether LightSquared’s proposed operations were compatible 
with existing aviation standards. That work is ongoing and LightSquared is opti- 
mistic that it will be able to reach a mutually acceptable conclusion with the FAA 
on the analytical parameters and ultimate determination. 
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High Precision 

The sole area that the TWG report identified that was not automatically solved 
by LightSquared’s proposed mitigation plan is for high precision GPS units. A sig- 
nificant percentage of these devices showed in tests that they could operate with no 
perceptible interference from LightSquared’s operation on its Lower 10 MHz. There 
are an estimated 500,000 high precision GPS devices in use, with some estimates 
as high as 1 million devices. Even using the upper bound of 1 million high precision 
GPS devices and assuming all the devices would be adversely affected, 
LightSquared’s mitigation proposal would resolve interference for 400 million de- 
vices, which 3delds a measure of 99.75%. 

Q6. We have seen in the public comments filed at the FCC a discussion about pos- 
sible interference from, not only the LightSquared grid network, but also the 
LightSquared handsets. It is my understanding that no handsets were available 
to be tested. When will LightSquared make their handsets available so they can 
be tested? Do you think it is a major oversight that no handsets are available? 
There could potentially be hundreds of thousands or millions of LightSquared 
handsets in circulation — should this issue be tested now before they are on the 
market? 

A6. The unavailability of LightSquared handsets in no way limited the TWG in its 
testing protocol. First, it should be noted that the test procedures for most of the 
sub-teams simulated LightSquared’s base station signal, even though actual base 
stations were available to the TWG. This is normal practice as the design of the 
anechoic chamber test environment often makes it impractical to utilize production 
equipment. Additionally, using signal generators tuned to the exact parameters of 
the expected transmission produce more reliable test results by allowing the setting 
of very precise parameters and varying such parameters according to the test meth- 
odology. This type of flexibility is often not afforded when production devices are 
used. It is for tbis reason that most sub-teams chose to simulate base station sig- 
nals. 

The sub-team that tested high precision devices in fact used a simulated signal 
in order to test the potential impact of user devices operating in proximity to high 
precision receivers. This sub-team, which included representatives from Trimble and 
John Deere, among others, did not raise any issues with the simulation of user de- 
vice transmissions, nor would one expect them to do so as this is consistent with 
quality testing practices. Other sub-teams could have employed a similar test setup, 
but chose not to perform tests including LightSquared simulated user devices. 

The recent letter from NTIA to PNT ExCom does call for testing to include con- 
figurations simulating a LightSquared user device. LightSquared is confident that, 
as was done in the TWG, this signal can be accurately generated in the laboratory 
environment. 

Q7. LightSquared has argued that the GPS industry has been developing defective 
equipment because it produced receivers that “look” into LightSquared’s spec- 
trum. When did you become aware that high-precision GPS receivers used part 
of LightSquared’s spectrum? Has LightSquared ever been compensated for the 
use of this spectrum? If so, how much? If so, when did it first receive compensa- 
tion? Did any of LightSquared’s predecessor company’s ever receive compensa- 
tion for the use of their spectrum? If so, when, and how much? 

A7. High precision GPS devices, which as we note above represent a small fraction 
of the total GPS devices in use, are generally designed to receive two signals: (1) 
the signal from GPS satellites and (2) an “augmentation” signal. The devices listen 
to the GPS signal across the widest possible bandwidth in order to increase their 
accuracy and use the augmentation signal to provide additional information to boost 
accuracy even further. The augmentation signal can come from a number of sources, 
such as a satellite signal in a number of different spectrum bands, including the 
L-band (LightSquared’s spectrum) or a terrestrial network. 

Many high precision receivers were designed by GPS manufacturers without the 
filtering needed to prevent their listening to the far ends of the GPS signal all the 
way into the LightSquared spectrum. LightSquared did not learn of this design deci- 
sion until late 2010 when GPS manufacturers first raised it with LightSquared. 
LightSquared and its corporate predecessors have never received compensation for 
this use of its spectrum — such as a royalty paid by the GPS manufacturers — by GPS 
devices. With respect to high-precision (jPS devices that receive an augmentation 
signal from an L-band satellite, LightSquared was aware of such receivers from the 
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time that it first began providing this service to resellers that offer this service. ^ 
LightSquared’s predecessors began offering this service in 1997, and the annual rev- 
enue has been approximately $500,000. ^ 

In this respect, it is important to note that LightSquared has received nothing 
from any of the high precision manufacturers that use other L-band augmentation 
services, and it has received nothing from manufacturers of GPS devices that look 
into the upper portion of our spectrum and do not rely on our satellite signal for 
augmentation. Effectively, these manufacturers use LightSquared’s licensed spec- 
trum for free, and are trying to establish a continuing right to do so. 

LightSquared has never dictated or been aware of the design choices made by 
manufacturers of high precision GPS devices, including those that use an L-band 
augmentation signal. Despite ample notice, the GPS manufacturers have had more 
than sufficient time to make appropriate design decisions to ensure that their de- 
vices were compatible with LightSquared’s planned network. LightSquared con- 
tinues to believe that such devices can be designed to be compatible with its terres- 
trial network. 

The results of the Technical Working Group confirm that the GPS “interference” 
issue is caused by the design choices made by GPS device manufacturers.^ The 
TWG confirmed that this incompatibility is not caused by LightSquared’s emissions 
“bleeding” into the GPS spectrum — it is solely a matter of GPS receiver design. In 

2002 and 2003, LightSquared and the GPS industry reached agreement to limit 
strictly such emissions — known as “out of band emissions” — to ensure that 
LightSquared’s network did not interfere with GPS devices.^ The GPS industry 
raised other concerns along the way, including as late as 2009, all of which 
LightSquared resolved. The GPS industry never raised any concerns about “over- 
load” at any of those times. 

Apparently, GPS manufacturers designed high precision GPS devices to use a sin- 
gle, open front-end (which consists of antennas, amplifiers, and filters) to receive 
both GPS and augmentation signals. The GPS manufacturers could have designed 
their high precision GPS devices to separate the GPS signal from the satellite aug- 
mentation to avoid the overload issue. As one commentator has noted, “the common 
analog front end amplifies the [LightSquared] allocation when it should be filtered, 
a very bad design indeed and one that blatantly violates design guidelines issued 
by the DoD’s 2008 Global Positioning System Standard Positioning Service Perform- 
ance Standard.” http:! / www.itif.org I publications I itif-comments-lightsquaredgps- 
testing. 

As we discuss in response to Representative Neugebauer’s first question, the GPS 
industry has been on notice as a result of the FCC proceedings and decisions since 

2003 that LightSquared intended to build an integrated terrestrial and satellite net- 
work. In addition, OmniSTAR’s customers, including presumably Trimble, should 
have known since 2008 that their operations would have to change to accommodate 
changes in the service that LightSquared was providing to Omnistar. For example, 
in February 2008, OmniSTAR was told by LightSquared that after 2011, 
“OmniSTAR must have converted its network to MSVs next-generation service . . . 
moved to another operator, or shut down its network.” 

In short, the GPS manufacturers made deliberate design decisions that created 
the potential for overload by LightSquared’s network terrestrial network. Since 
2003, the GPS manufacturers were on notice that they needed to review their de- 
sign decisions to ensure that they were compatible with LightSquared’s network. In 
addition, with respect to those GPS manufacturers that purchased an augmentation 
signal from LightSquared, they received further notice since 2008 about 
LightSquared’s transition to an integrated terrestrial and satellite network. 

Q8. Agencies that use high precision GPS have indicated that the use of the upper 
band of LightSquared’s spectrum will never be able to be used without inter- 


1 We have also been aware that Inmarsat provides a similar augmentation signal to GPS 
manufacturers. 

2 Since 1997, LightSquared (and its predecessors) have sold satellite capacity to a company 
called. Omnistar, which resold that capacity to supply augmentation services to GPS manufac- 
turers, including Trimble Navigation Limited. Omnistar was purchased by Trimble in March 
2011. We understand that the GPS manufacturers charge a significant mark up on their sub- 
scriptions to end users for augmentation signals. For instance, we understand that a typical an- 
nual subscription can range from $800 to several thousands of dollars a year. 

3 As one GPS manufacturer conceded to the FCC, “[a]ll GPS receivers use filters that overlap 
in the MSS band.” http://www.saveourgps.org/pdiyfcc/Deere-Co-£a:_Parte.pd/' 

^That same GPS manufacturer noted that “[out of hand emissions] is not a problem in the 
GPS band if LightSquared filters their signals as they have committed.” http:// 
WWW. saveourgps.org/pdf/fcc/Deere- Co -£r_Parte.pd/' 
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fering with high precision GPS. Will LightSquared commit to never using that 
upper band of spectrum that is closest to the GPS signal? 

A8. Please see our answers to questions 1 and 4. We take the concerns expressed 
by federal agencies seriously. They must be taken into account as we engage in the 
discussion of whether the upper portion of our spectrum could be safely deployed 
in a commercially reasonable time frame. 

Please note, however, that regardless of use of the upper portion of the spectrum 
for a ground network, the upper portion of this spectrum can continue to be used 
for satellite services, which have been provided for 15 years without any inter- 
ference with GPS receivers. 

Q9. When will you submit filters for high-precision GPS for testing? Who will con- 
duct this testing? How long will it take? Will federal agencies be able to conduct 
their own independent testing, similar to the TWG and the NPEF, prior to 
LightSquared operations? 

A9. On its own initiative, LightSquared has recently completed a request for infor- 
mation (RFI) process that requested filter suppliers to deliver filters meeting the 
specifications defined by the GPS industry. In less than 30 days from issuing the 
RFI, LightSquared began receiving shipments of filters and testing on these filters 
can be^n immediately. LightSquared intends to conduct its own testing of these fil- 
ters using respected, independent laboratories. These filters are also available for 
testing according to the terms outlined by NTIA in its September 9, 2011, letter to 
the PNT ExCom. 


Questions Submitted by Ranking Member Eddie Berniee Johnson 

Ql. What can Congress do to protect the future value of spectrum and ensure user 
receivers do not bleed into spectrum not assigned to them? What are the chal- 
lenges associated with establishing receiver standards to preclude devices from 
picking up unintended spectrum? 

Al. Spectrum will become much more intensively used in the next few years as 
more and more Americans use smartphones — which use 24 to 25 times the data as 
cellphones — and businesses begin to take advantage of the capabilities of new wire- 
less infrastructure. But there is no spectrum available that does not already have 
existing users. Accordingly, new networks and existing users will have to find ways 
of coexisting, as otherwise the U.S. will never be able to bring sufficient spectrum 
to meet increasing demand. The losers in that scenario will not be the companies 
arguing over spectrum — it will inevitably be the American consumer, who will pay 
more for worse service. 

Coexistence should be a question of technology and economics: how do you fix it 
and who pays? These are questions that can normally be solved by agreement of 
new networks and existing users, and we strongly believe that should continue to 
be the model. 

The current issue, however, shows what happens when a powerful entrenched in- 
dustry decides that it would rather take the chance that it cannot be stopped from 
deploying inefficient technology. We believe that this issue can be solved, and are 
more confident in this belief with each passing week as more manufacturers an- 
nounce solutions. However, to the extent some continue to try to hold out, there are 
three things Congress should do: 

• Instead of taking sides, Congress should encourage parties to work these issues 
out as success means benefits to all Americans from new uses of spectrum while 
retaining and strengthening old uses. 

• The current regulatory regime — Part 15 — makes clear that devices that look 
outside their authorized bands are not entitled to interference protection. In- 
deed, I have attached hereto an excerpt from a Garmin GPS receiver manual 
that provides standard language to this effect. Accordingly, the FCC today has 
the tools in its hands to allow networks to move forward, simply by allowing 
them to do so and thus making clear that device manufacturers have to inno- 
vate and adapt. Congress should encourage FCC to stand by this rule and its 
own longstanding precedent. 

• Finally, in order to avoid future situations where the current tools may prove 
insufficient, Congress should explicitly authorize the FCC to apply receiver 
standards that would protect authorized adjacent band operations. Many coun- 
tries apply receiver standards today, and if limited to these specific issues, the 
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effect of such requirements would be to meiximize efficient use of spectrum 
while minimizing regulatory burden. 

Q2. LightSquared claims that its service has been beneficial to federal, state, and 
local governments and first responders in times of national emergencies as it 
provides an interoperable network for first responders to utilize when cell phone 
service is not an option. Can you elaborate on the services provided by 
LightSquared to our first responders? Does this service require use of your mo- 
bile satellite assets? In what way is the terrestrial network used? 

A2. LightSquared and its predecessor companies have a long history of providing 
satellite-based communication services to federal, tribal, state, and local govern- 
ments on a continuing basis and during times of emergencies. The company cur- 
rently has hundreds of federal, tribal, and state and local government accounts rep- 
resenting thousands of end users and offers a broad variety of satellite services in- 
cluding telephony voice, two-way radio, push-to-track and mobile data. 
LightSquared also offers Satellite Mutual Aid Radio Talkgroups (“SMART”) nation- 
wide and regionally that enable critical and interoperable communications among 
homeland security officials, law enforcement, emergency responders, and public 
safety officials from various departments and agencies across the United States. 
LightSquared’s satellite-based communication services have facilitated critical emer- 
gency communications among nationwide and local first responders during disasters 
such as Hurricane Katrina, Hurricane Ike, Hurricane Irene, the Kentucky ice 
storms in 2009, the California wild fires and the earthquake in Haiti — for U.S.- 
based first responders operating in Haiti following that disaster. 

While LightSquared’s current network is satellite based, such a network involves 
some terrestrial equipment such as earth stations to receive and transmit signals. 
When a satellite-initiated telephone call is connected to an Earth-based, traditional 
cellular or wireline telephone, the call also transits another carrier’s terrestrial net- 
work. 

Q3. Former lawmakers, now lobbyists for LightSquared, recently wrote an Op-Ed 
claiming that tests indicate LightSquared’s new wireless service would not cause 
any interference for 99.95 percent of all GPS users. 

Q3a. What is the basis for the 99.95 percentage figure? 

Q3b. Are there tests and analysis to support this claim? 

Q3c. Were these tests conducted using federal agency equipment and observed by fed- 
eral agency personnel? 

A3-3c. Please see our answer to Chairman Hall’s question number 5, above, for 
the basis for our 99.5% figure, which in the worst case is actually 99.75%. 

To our knowledge, LightSquared has never claimed that our proposal would pro- 
tect 99.95% of all receivers. If you have an example of such a claim, however, we 
would be happy to review it and provide a response. 

The Technical Working Group (TWG) tests included the participation of represent- 
atives from the Department of Defense, the Federal Aviation Administration and 
NASA. These participants had full access to all of the deliberations of the TWG, test 
methodologies, and testing data. Testing was performed on commercial receivers, 
some of which are used by federal agencies. Information regarding the types of fa- 
cilities and resources utilized is as follows: 

• Testing for the Cellular and General Location/Navigation categories were per- 
formed by engineers at independent laboratories, with all costs paid for by 
LightSquared. 

• Testing for the High Precision, Networks and Timing categories occurred at the 
US Navy’s NAVAIR facility, for which LightSquared paid the facility’s standard 
commercial rate; testing of these devices was performed by employees of the 
manufacturers of the devices tested. 

• Testing for the Space-Based device category was conducted at the Jet Propul- 
sion Laboratory by NASA and JPL employees. 

• Testing of aviation devices was performed at Zeta Associates, Inc. (ZAI) by ZAI 
employees, under the terms of a then-existing contract with the FAA. 

• Additionally, the U.S. Air Force, Space Command conducted testing of certain 
classified and unclassified special purpose receivers, though this testing was not 
part of the work undertaken by the TWG. 
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Q4. How long would LightSquared operate its network using only the lower portion 
of the spectrum allocated to it by the FCC? If FCC granted you permission to 
build out a broadband system in your lower 10 MHz portion of the spectrum 
band, would you expect to need to go back to the FCC for approval to expand 
your build out into your upper 10 MHz portion of the band — those that sit next 
to GPS? 

A4. As stated in response to Chairman Hall’s question number 1, above, we expect 
to be able to operate our network on the lower portion of the spectrum for at least 
five to six years. Under our current proposals, we would want to have a further dis- 
cussion of how safe deployment of the upper portion of the spectrum could be 
achieved within a commercially reasonable time frame. In any event, however, we 
would not be able to deploy that spectrum unless we were specifically authorized 
by the FCC, which would consult with NTIA, the Department of Defense, and other 
government agencies before taking any action. 


Questions Submitted by Rep. Randy Neugebauer 

Ql. LightSquared continuously makes claims that the GPS community knew this 
was coming, but I would venture to say it is the other way around. The FCC 
has always firmly opposed a ground-based network in this spectrum band (and 
the FCC’s allowance of an ancillary terrestrial network does not indicate will- 
ingness to allow a plan like LightSquared’s), and LightSquared’ s attempts are 
clearly against the grain. Since years and years of explicit FCC precedent has 
reserved the spectrum band in question for only ancillary terrestrial use because 
of the obvious impacts on GPS technology, why did LightSquared invest so 
much money in this plan to severely expand a ground-based system in the first 
place? Why did your company not look for other spectrum that would not impact 
GPS systems at all? 

Al. LightSquared’s plan — to build an integrated satellite and terrestrial broadband 
network in its spectrum — is fully consistent with FCC precedents and has been fully 
authorized by the FCC since 2003. The FCC, under both the current and prior Ad- 
ministrations, has confirmed this view. As recently, as April 6, 2011, the FCC noted 
that “[i]n the case of GPS, we note that extensive terrestrial operations have been 
anticipated in the L-band for at least 8 years (emphasis added).” http:! / 
fjallfoss.fcc.gov ledocs -public I attachmatch I FCC- 11 -57Al.pdf. 

In addition, in October 2008, the FCC further stated that: 

[T]he integration of an ATC into MSS systems would have several benefits, in- 
cluding the filling of gaps in MSS coverage, increasing MSS network capacity, and 
the development of new and innovative service offerings that satellite-only MSS sys- 
tems cannot offer, including, e.g., ubiquitous digital telecommunications and 
broadband services and other services that take advantage of the unique coverage 
and capacity characteristics of ATC-enabled MSS (emphasis added). 

http: / / licensing.fcc.gov / myibfs / download, do (attachment _ key=678085 

LightSquared (and its corporate predecessors) worked for almost a decade with 
the GPS industry to ensure that its plans for a terrestrial broadband network could 
co-exist with GPS devices. The kind of interference that GPS manufacturers now 
complain of — overload interference — should have been just as much of a concern 
then as it is now, but the GPS manufacturers failed to raise the overload issue until 
late 2010. The only exception is Deere, which raised the issue briefly in 2001 and 
then without explanation failed to raise it again until late 2010. Under the cir- 
cumstances, LightSquared had every reason to believe that GPS manufacturers 
were designing their devices so that their only concern was LightSquared emissions 
into the GPS band (the “out-of-band emission” or “OOBE” issue), and not overload. 

• In 2002, LightSquared and the GPS industry submitted a voluntary agreement 
under which LightSquared would limit its emissions to avoid interference with 
GPS devices. When it submitted that agreement, the GPS industry stated that 
“[LightSquared’s] proposed terrestrial augmentations are also well known.” 
http:/ / fjallfoss.fcc.gov / ecfs / document / view?id=65 13283601 

• In 2003, the GPS industry trade association requested that the FCC approve 
this voluntary agreement because these limits “to protect GPS represent a ‘win- 
win’ for [LightSquared], for the Commission’s reliance on OOBE to limit inter- 
ference, and for GPS safety of life and public safety use.” http:/ / 
fjallfoss.fcc.gov /ecfs /document / view?id=6515082621 

• In July 2009, the GPS industry raised concerns about possible interference with 
GPS devices, but, as the ECC itself recently noted, “[o]ne month later . . . the 
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[GPS industry association] filed a joint letter with LightSquared agreeing that 
the GPS interference issues had heen resolved (emphasis in original).” http:! I 
fjaUfoss.fcc.gov I ecfs I document I viewUd=7 021686751 

Not only has the GPS industry fully participated in all regulatory proceedings, 
known about potential interference issues, and worked with LightSquared to resolve 
those issues — it actually applauded LightSquared’s efforts and urged the FCC to ap- 
prove its application to build an integrated satellite and terrestrial broadband net- 
work. In a March 24, 2004, letter from the GPS trade association to the FCC, which 
is worth quoting in full, they stated: 

The U.S. GPS Industry Council (“the Council”) . . . urges the Commission to grant 
the above-referenced applications of [LightSquared] and to do so as soon as possible. 
[T]he Council and [LightSquared] worked diligently to develop out-of-band emission 
(“OOBE’j limits from MSV ancillary terrestrial component (“ATC”) base stations 
and terminals into the GPS band, which are intended to protect GPS receivers and 
at the same time allow [LightSquared] to maximize the utility of its ATC service to 
its users. 

[LightSquared] proposes to operate at OOBE levels that are even more stringent 
than those set out in its agreement with the Council. We believe that [LightSquared] 
is to be commended for its proposal to use its spectrum in a responsible manner that 
ensures the continued utility of GPS receivers operating in the vicinity of 
[LightSquared] ATC stations. The major issues raised in its application have been 
before the Commission and fully briefed since at least mid 2003 and, in many cases, 
for far longer. Thus, the Commission’s granting [LightSquared’s] applications expedi- 
tiously would validate [LightSquared’s] adherence to best commercial practices and 
advance the public and national interests in promoting the responsible use of spec- 
trum (emphasis added). http:! ! licensing.fcc.gov Imyibfsl 

download.do ^attachment _ key =366878 

We note that some in the GPS industry have recently attempted to deny this ex- 
tensive regulatory record and their own words in asserting that “FCC rules also did 
not allow the terrestrial-only broadband services LightSquared now wants to pro- 
vide.” http:! ! www.amerisurv.com ! 

index.php?option=com content&task=view&id=9208&Itemid=2. This is simply revi- 

sionist history for the following reasons: 

• The GPS industry told the FCC in 2003 that it knew of the extent of 
LightSquared’s plans. In a filing to the FCC in 2003, the GPS industry noted 
that LightSquared’s network would have “increased user density from poten- 
tially millions of MSS mobile terminals operating in ATC mode in the 1626.5- 
1660.5 MHz bands will transmit back to potentially tens of thousands of ATC 
wireless base stations in the 1526-1559 MHz bands . . . (emphasis added).” 
http: / ! fjallfoss.fcc.gov lecfs / document / view ?id=6515082621 . 

• The GPS industry warned its own investors as early as 2001 about pos- 
sible interference issues. For example, in 2001, Trimble Navigation Limited, 
in its Form 10-K stated that: “[Ejmissions from mobile satellite service and 
other equipment operating in adjacent frequency bands or inband may materi- 
ally and adversely affect the utility and reliability of our products, which could 
result in a material adverse effect on our operating result.” http:! / 
files.shareholder.com ! downloads / TRMB / 1422870148x0x34031 1 919048BF-0668- 
4353-97B5-7EFDF7718E64 12001 _ lOK.pdf 

• The undisputed regulatory record shows that, as early as 2003, 
LightSquared was intending to build, and the FCC had approved, an 
extensive integrated satellite and terrestrial broadband network. This 
chart summarizes the regulatory history of the number of base stations and the 
power levels that those base stations that LightSquared was authorized to oper- 
ate: 
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Milestone 

Total No. of Base Stations 
Approved or Proposed 

Power Levels 

2003: ATC Order 

12,075’ 

23.9 dBW 

2004: LightSquared ATC 
License 

16,905 

3l.9dBW 

2005: ATC Reconsideration 
Order 

Unlimited 

31.9 dBW 

2010: Transfer of Control and 
ATC Modification Order 

36,000 

42 dBW 

2011: LightSquared Current 
Proposal 

36,000 

32 dBW 


^ In 2003 and 2004, the FCC did not directly address the limits on the total number of base stations LightSquared was 
permitted to deploy, but instead established limits (1725 and 2415, respectively) on the number oi'base station carriers on a 
single 200 kHz frequency. At the time, the baseline deployment ease involved the use of the Global System for Mobile 
Communications (“GSM”) air interference standard. Assuming the use of a typical (iSM reuse factor of 7 (i.e. the use of 7 
distinct 200 kHz frequency channels for a base station "cluster"), the FCC’s rules meant that the upper limit on the total 
number of base stations that could be deployed w-as 7*1725 = 12,075 and 7*2415=^16,905, respectively. A reuse factor of 7 
means that there would be a cluster of 7 adjacent base stations (or base station sectors) where each base station (or base 
station sector) would use a di fferent 200 kl Iz carrier, and the cluster could be repeated up to 1 725 or 24 1 5 times. 

• Contrary to the suggestions of the GPS industry, the FCC’s rules do not 
require that satellite service he the “predominant” or “primary” use of 
LightSquared’s licensed L-band spectrum. Indeed, such a requirement — as 
well as other restrictions, such as limiting base stations to areas without sat- 
ellite coverage and requiring user devices to first look to the satellite before con- 
necting to the terrestrial network — was explicitly rejected by the FCC in 2003 
and 2005 as spectrally inefficient, unnecessarily costly, and operationally ineffi- 
cient. ® 

• The GPS industry’s argument — that the January 2011 conditional waiv- 
er of the integrated services rule represented a fundamental change in 
LightSquared’s network — is wrong. As the chart above illustrates, it has 
been well-known for nearly eight years that LightSquared had the authority to 
build an integrated satellite and terrestrial network consisting of over 10,000 
base stations at power levels that are as high as or exceed LightSquared’s cur- 
rent plans. As the FCC itself noted recently, “[t]he [conditional waiver of the 
FCC integrated services rule] was not the trigger to permit LightSquared access 
to the spectrum in the band adjacent to GPS. LightSquared’s predecessors have 
had access to this L-Band satellite spectrum since 1995 and have been author- 
ized to provide terrestrial service since 2004. (emphasis added).” http:// 
fjallfoss.fcc.gov /eefs /document / view?id=7021686751 

• The GPS industry has never offered that LightSquared could begin to 
operate under its pre-January 2011 authorizations. If the January 2011 
conditional waiver represented a fundamental change in LightSquared’s net- 
work, as the GPS industry argues, they should be comfortable in allowing 
LightSquared to deploy its network under its earlier authorizations. They have 
never offered that compromise because they know that the technical character- 
istics approved by the FCC from 2003 to 2005 and blessed by the GPS industry 
are the same as the network that LightSquared intends to deploy today. 

In summary, LightSquared chose to invest $14 billion in private capital to build 
an integrated satellite and terrestrial network in its own spectrum because: 


® These FCC’s conclusions completely rebut Dr. Scott Pace’s written testimony at the Commit- 
tee’s hearing that LightSquared was only authorized to build a “fill in” terrestrial network for 
gaps in satellite coverage. http:j / science.house.gov / sites / republicaiis.science.house.gov / files / doc- 
uments /hearings / 09080 11 -Pace.pdf. Dr. Pace also grossly errs in his recitation of the regu- 
latory history, stating that LightSquared was limited to the construction of only 1725 base sta- 
tions in 2003 and 2145 base stations in 2004. This is plainly and demonstratively wrong, as 
explained in the footnote above. 
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• Over the course of eight years, it had the undisputed legal and regulatory au- 
thorization to build its integrated satellite and terrestrial network. Those FCC 
authorizations occurred in 2003, 2004, 2005, and 2010. 

• Over that same period, it worked extensively with the GPS industry to resolve 
any interference issues. The GPS industry itself has characterized that coopera- 
tion as a “win-win,” “intended to protect GPS receivers and at the same time 
allow [LightSquared] to meiximize the utility of its ATC services to its users,”" 
and in “the public and national interests in promoting the responsible use of 
spectrum.” 

• LightSquared does not need to find new spectrum farther away from GPS re- 
ceivers because it has the legal right to build and operate an integrated satellite 
and terrestrial network in its own spectrum. While LightSquared is fully com- 
mitted to finding technical solutions to co-exist with the GPS industry, as a 
legal matter, it has no obligation to move from its spectrum to accommodate 
GPS devices that were intentionally designed to look into LightSquared’s spec- 
trum. 

Q2. LightSquared has claimed that your new plan resolves interference problems for 
99.5 percent of GPS receivers. I have not seen this claim substantiated. Could 
you please provide evidence for this claim? Also, have you estimated the eco- 
nomic impacts of the supposedly small percentage of receivers that will be af- 
fected by your current plan? It seems to me, from the testimonies of the experts 
at the hearing and from various studies, that the most economically valuable 
and critically important GPS users will be the ones still affected by 
LightSquared’s use of the lower half of the spectrum. 

A2. With regard to the first part of the question, substantiation of the 99.5% fig- 
ure, please see our answers to Chairman Hall’s question number 5 and Ranking 
Member Johnson’s question number 3, above. 

With regard to the second part of the question regarding economic impact on pre- 
cision receivers, LightSquared’s position is that there should be no economic impact 
on any users, as manufacturers should be responsible for providing their users de- 
vices that can operate consistent with rules the FCC issued years ago, which as dis- 
cussed above in response top Chairman Hall’s question number 3, has been shown 
to be completely feasible with a minimal investment of time and resources. As ex- 
plained in response to your question 1, above, the public record clearly shows that 
LightSquared’s planned use of its network was anticipated for years. GPS manufac- 
turers, however, have repeatedly tried to focus debate on how LightSquared will im- 
pact GPS users in order to distract policjunakers and the public from the real ques- 
tion of their own responsibility for replacing or retrofitting devices. 

It is important to note in this respect that while use of precision devices is impor- 
tant, the hundreds of millions of devices LightSquared’s proposals address con- 
tribute significantly to the economy. Hundreds of millions of smartphones and per- 
sonal navigation devices — used by consumers but also used by business, government 
and public safety — will not need to be replaced. Devices used in aviation — the eco- 
nomic importance of which is clear — will not need to be replaced. And timing de- 
vices — used in wireless and other critical networks that contribute tens of billions 
of dollars of value every year to the U.S. economy — will not need to be replaced. 
This is the result of an investment by LightSquared of over $100 million to solve 
the problem for these devices, thus absolving the GPS manufacturers if responsi- 
bility to do so. 

What is left is something less than the estimated 500,000-1,000,000 precision de- 
vices used largely in agriculture, surveying and construction. There will be no im- 
pact from our deployment for a significant number of these devices for three rea- 
sons: 

• Testing has demonstrated that, even using the most restrictive definitions of 
harmful interference proposed by the GPS manufacturers, 10 out of 38 precision 
devices — 26% — did not suffer harmful interference. 

• Assuming LightSquared is operating in the spectrum farthest from GPS, harm- 
ful interference for the remaining devices would be limited to a relatively close 
distance from our base station, meaning that many precision receivers used in 
remote areas and for agriculture will never be close enough to our network to 
suffer any effect. 

• Our network will be deployed over five years, meaning that some portion of de- 
vices would have been traded out for new devices in the ordinary course of busi- 
ness. 
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After accounting for these factors, what is left is a portion of the total number 
of devices, which could be as few as 100,000-200,000, but under any set of reason- 
able assumptions will not be as many as 1 million. 

For these devices, we have recently demonstrated, together with our partners, 
Javad and Partron America, that filters for precision receivers could be developed 
within days and would cost as little as $6. ^ This proves three concepts: that the 
interference issue can be solved; that it can be solved quickly; and that it can be 
solved inexpensively. 

In this respect it is important to compare this with a recent recall of GPS devices 
by Garmin. Issued in August, 2010, Garmin recalled 1.2 million devices because of 
battery issues. This is one manufacturer. The present situation involves only a por- 
tion of this number, spread out over a GPS industry that is manifestly capable of 
bearing the cost. Not only do GPS manufacturers enjoy the use of government spec- 
trum for free, but they are well funded, with John Deere alone carr 3 dng over $3 bil- 
lion in cash, Garmin over $1.5 billion, and Trimble over $250 million. 

Given the limited scope of the remaining receivers — the receivers not already pro- 
tected by the investment LightSquared is making — there is simply no reasonable ar- 
gument as to why this cannot be solved. LightSquared will invest $14 billion of pri- 
vate funds in the American economy, support 15,000 jobs a year for each year of 
our build out, and create an unprecedented integrated network that will allow doz- 
ens of retail competitors to offer broadband across the U.S. The economic cost of 
solving this last portion of devices should not stand in the way of bringing this in- 
vestment at a time when jobs, infrastructure, and innovation are sorely needed in 
the U.S. economy. 

If we fail to solve it because certain GPS manufacturers are allowed to continue 
to avoid responsibility for addressing the issue, the economic consequences to the 
country will be extremely damaging. Companies and investors will have serious 
doubts about the ability of the U.S. government to bring more spectrum to market. 
They will also doubt the government’s willingness to enforce longstanding license 
rights in spectrum. The combined effect will push the value of spectrum down, and 
therefore reduce significantly the receipts the Federal Government can expect from 
the auction of licensed spectrum. Investors will direct investment to countries where 
spectrum rights are enforced, and where operators can expect to be able to deploy 
networks as authorized. The United States has long drawn private investment in 
wireless telecommunications because it has stood by these principles, and must con- 
tinue to do so. 


LightSquared News Release, October 13, 2011, LightSquared Shows Filtering Technology: 
“In addition to receivers developed by Javad GNSS, several other high-tech companies have also 
created LightSquared compatible components that can be integrated into receivers. For example, 
PCTEL has developed LightSquared compatible chip sets, and Partron America has created a 
filtering component that only costs $6.” http: I j www.lightsquared.comj press-room! press-re- 
leases / lightsquared-shows-filtering-technology / 



163 


Attachment 1 

Screen shot from the Garmin G900X Integrated Cockpit GPS Navigation 
device manual with the Part 15 disclosure 
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Responses by Dr. Scott Pace, 

Director, Space Policy Institute, 

George Washington University 

Questions Submitted by Chairman Ralph Hall 

Ql. How common are the wideband and high precision GPS receivers that are at 
risk of interference from LightSquared’s modified business plan that starts com- 
mercial operations with just the “lower” portion of its spectrum^ 

Qla. How much do they cost? 

Qlb. What is the normal upgrade or re -equipage cycle for these GPS receivers at fed- 
eral departments and agencies? 

Al-lb. Wideband and high precision GPS receivers are not as common as mobile 
phones, but they are standard equipment in multiple sectors of the global economy, 
from machine control, survey, mapping, and construction, to precision agriculture 
and timing/network synchronization. More than 100,000 receivers for high precision 
applications are sold in North America each year. 

Prices for high precision receivers can range from $1,000 to in excess of $100,000 
but currently average beWeen $9,000 and $13,000 (NDP Consulting 2011). Typical 
re-equipage times can average around 15 years. Software upgrades occur on faster 
cycles but proposed mitigations to the effects of LightSquared emissions have typi- 
cally been to change external antennas or modify the receiver front ends. These are 
not software fixes. Federal agencies may hold on to equipment for longer periods 
of time and, as with commercial users, employing older receivers as base stations 
while using more current equipment in mobile applications. 

Q2. LightSquared has agreed to a “standstill” on the use of the “upper” portion of 
their spectrum, the portion closest to the GPS signal. LightSquared has stated 
they would like to work with the GPS community to develop mitigation strate- 
gies in order to initiate commercial operations of the upper spectrum within two 
to three years. 

Q2a. Is two to three years a reasonable time frame to expect federal agencies to up- 
grade or re-equip? What would be the costs? 

A2-2a. Two to three years is not a reasonable time frame. When major changes 
were made to GPS in the past, such as turning Selective Availability to zero or 
transitioning semi-codeless users to a second coded civil signal, transition times of 
a decade or more were used. The potential interference from LightSquared is more 
disruptive and technically difficult to mitigate. 

It is not yet clear that use of the lower band by LightSquared is technically pos- 
sible without unacceptable harm to GPS high precision and other users (e.g., spe- 
cialized receivers used in spaceflight). The upper band is even more problematic and 
the consensus in the GPS community seems to be that use of the upper band should 
be “off the table.” 

Despite press releases, no proposed filters have been made available for inde- 
pendent testing. Even if they function as claimed, filters alone are not sufficient to 
make a regulatory decision. Actual high precision equipment with the proposed fil- 
ter fully integrated must be tested to assess degradation in receiver performance 
and accuracy. Equipment that is proven able to function in the face of lower band 
interference may or may not be able to provide the same level of performance if 
LightSquared uses both the upper and lower bands. 

It is virtually impossible to provide a cost estimate on upgrading or re-equipping 
the GPS receivers used by federal agencies as key pieces of information are missing: 
(1) is it possible to suppress the effects of LightSquared emissions without signifi- 
cant harm to GPS receiver performance? (2) What are the operational characteris- 
tics of the “new” receivers? (e.g., thermal stability, weight, form and fit factors, de- 
gree of hardware and software modifications, etc.), and (3) If there is a solution that 
works at the lower band, does it also work at the upper band or would another 
round of changes be required? 

Even assuming technical feasibility, there are applications where upgrades and/ 
or re-equipage are not possible. Examples could include satellite constellations per- 
forming radio-occultation science where the receiver lifetimes can be up to 15 years 
and the only ‘mitigation’ possible is to launch new satellites at a cost of hundreds 
of millions of dollars each. 

Q3. Given that LightSquared has clearly shown that it intends to ultimately utilize 
both the upper and the lower portion of its spectrum, even with its new business 
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proposal to start with just the lower portion, how is the new proposal really any 
different to federal agencies than the original proposal? 

A3. In my opinion, it is merely a change in sequencing and timing of 
LightSquared’s proposed deployment plan and does not represent a fundamental 
technical change. 

Since the upper band is still allowed by the current FCC regulations, the GPS 
community must assume its use in their assessments of LightSquared interference. 
If and when the FCC officially and publicly rules that the upper band will not be 
used for terrestrial transmissions, the GPS community can modify its assessments 
to focus only on the lower band. 

The same is true for the maximum authorized power of LightSquared’s terrestrial 
signals. Current FCC regulations allow meiximum power ten times greater than 
LightSquared’s current planned power. Unless the FCC regulations are updated to 
document a new, lower maximum authorized power for LightSquared terrestrial 
transmissions; the assessment of interference to GPS must be based on the higher 
authorized power. 

Q4. I understand there are now other companies exploring a similar terrestrial 
broadband business plan but in an entirely different part of the spectrum that 
would not interfere with the GPS signal. If we can accommodate the President’s 
goals for the Broadband Initiative using spectrum that doesn’t interfere with 
GPS, why should we risk the taxpayer investment in GPS? 

A4. The tcixpayer investment in GPS need not and should not be put at risk. The 
MSS satellite part of the LightSquared network is compatible with neighboring GPS 
uses and thus can coexist with all GPS services, applications and existing user 
equipment if it is used solely for space-service links. The terrestrial component of 
the LightSquared network has not yet been built therefore it is at least technically 
feasible to move to a different band from the outset, thus avoiding large scale dis- 
ruption to GPS users across the United States. Possible locations include the S- 
Band (above 2 GHz) or the 700 MHz bands already allocated to terrestrial 4G wire- 
less services. 

In addition, handsets are an important part of the LightSquared terrestrial net- 
work; they are the user terminals that subscribers will use for high-speed 
broadband applications. These user terminals have, for the most part, been over- 
looked in the immediate debate over LightSquared’s terrestrial base station trans- 
mitters. Each of these user terminals is also a radio transmitter, operating in the 
frequency band 1626.5-1660.5 MHz, just above the GPS LI frequencies. 
LightSquared claims it will have 260 million subscribers by 2015. Each of these sub- 
scribers will carry in their hand a potential source of GPS interference. GPS users 
in automobiles, aircraft, or on a city sidewalk could find themselves in close prox- 
imity (1 meter or less) to one or more of these LightSquared user terminals. Prelimi- 
nary testing by the high precision sub-team of the FCC Technical Working Group 
(TWG), published in the 30 June 2011 TWG Final Report, confirmed that 
LightSquared handsets do have the potential to interfere with GPS, and so the final 
assessment of LightSquared’s total interference to GPS must include a careful ex- 
amination of the effects of emissions from handsets as well as base stations. 

Q5. Will the filters proposed by JAVAD GNSS and LightSquared mitigate the inter- 
ference problem to wideband and high precision GPS receivers? What testing 
has been done to demonstrate their effectiveness? Who should pay for this test- 
ing? 

A5. It is unknown whether the proposed filters will mitigate interference due to 
LightSquared’s terrestrial operations. Some performance charts have been provided 
to the FCC in an ex parte presentation claiming improved protection but no filters 
or prototype high precision receivers are yet available for independent testing. 

Section 25.255 of the FCC’s rules makes the obligation of resolving harmful inter- 
ference to other services that is caused by MSS ATC operations the sole responsi- 
bility of the ATC operator. ^ These regulations, which went into effect on 5 June 
2003, clearly state “If harmful interference is caused to other services by ancillary 
MSS ATC operations, either from ATC base stations or mobile terminals, the MSS 
ATC operator must resolve any such interference.” LightSquared is still nominally 
an ATC operator subject to Section 25.255 and thus I would argue that 
LightSquared should pay for testing of equipment that it claims will mitigate inter- 
ference it proposes to create. If that equipment proves to be effective at mitigating 
LightSquared interference to GPS, then Section 25.255 would also suggest that 


47 C.F.R. §25.255. 
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LightSquared is responsible for the cost of manufacturing, delivery, installation, re- 
calibration, recertification, and subsequent maintenance of that mitigation hardware 
for the life of any affected GPS application. This would apply to GPS use by federal 
agencies, state, local, and tribal governments and the private sector. 

Q6. Are there currently any mitigation strategies that make sense for wideband or 
high precision GPS receivers^ 

A6. The only assured mitigation strategy I am aware of would be one in which the 
band 1525-1559 MHz remains a satellite services band and terrestrial mobile serv- 
ices are moved to a frequency band distant from GPS signals as I describe in my 
response to Question #4 above. It should be noted, however, that even if 
LightSquared were to vacate the 1525-1559 MHz band completely with their terres- 
trial transmissions, that LightSquared handset transmissions in the 1626.5-1660.5 
MHz band could still prove to be a major source of interference to GPS. 

Q7. Mr. Carlisle states in his testimony that “many consumers in rural America 
don’t even have a wireless broadband option: 28 percent of people who live in 
rural America still have no access to broadband.” 

Q7a. Will LightSquared’s new proposal roll out a ground network in rural areas? 
Q7b. Will its satellite service be able to reach rural areas? 

Q7c. What is the definition of broadband service? 

Q7d. Will LightSquared’s satellite component be able to meet that broadband defini- 
tion? 

Q7e. So, in summary: Will LightSquared be able to provide broadband to rural 
areas under its current proposal? 

A7-7e. LightSquared’s proposed rollout plan is still considered proprietary to the 
best of my knowledge. That said, business considerations would likely create an em- 
phasis on serving high-density urban areas first and thus terrestrial tower deploy- 
ments should be expected in key cities before service is extended to rural areas. The 
satellite service is certainly capable of reaching rural areas, however the satellite 
service does not and will not provide broadband performance. 

The FCC defines broadband as 1 Mbps up and 4 Mbps down (see http:! / 

www.fcc.gov ! Daily 'ReleeiSesIDaily eBusiness ! 2010 ! db0720 ! FCC-10-129Al.pdf) 

and the maximum data rates possible from the LightSquared SkyTerra I satellite 
are 300-400 Kbps (see http: 1 1 www.pcworld.com I businesscenter I article 1 210570 1 
lightsquareds-mobile-hopes-to-rise-with-satellite.html). Thus the satellite cov- 
erage looks to be voice, text messages, and similar low data rate services but not 
4G LTE broadband. Given the economic pressure to build out terrestrial capacity 
in urban areas first and limitations of the satellites, it is unlikely that rural areas 
will benefit from LightSquared broadband capacity any time soon. 

LightSquared Chief Marketing Officer Frank Boulben confirmed this point in a 
press statement this past week. To quote: “But Boulben cautioned that 
LightSquared’s satellite service will provide only voice and text coverage and will 
not provide the kind of high-speed data services for users who live near its terres- 
trial LTE network.” 2 

Q8. Mr. Carlisle states in his testimony that “no other company could conceivably 
offer this broad coverage in the same time frame.” 

Q8a. Are there any other options, or is LightSquared the “only game in town”? 

A8-8a. Broadband can be delivered in many ways (e.g., DSL, cable modem, fiber 
optics, wireless, satellite, etc.) Certainly, LightSquared has (or had) expectations of 
being able to offer broad coverage in short period of time, but this required a variety 
of regulatory, technical, and financial assumptions. I cannot comment on their busi- 
ness viability, but given expressions of interest by other companies in using dif- 
ferent MSS spectrum for terrestrial 4G LTE broadband (e.g., DISH Network has ap- 
plied to use its spectrum for terrestrial broadband services), alternatives exist to the 
LightSquared proposal. 

Q9. Mr. Carlisle states in his testimony that the GPS manufacturers failed to raise 
issues at the FCC when it was developing its rules and could have addressed 
this issue in the design of their receivers years ago. But in fact, some high preci- 
sion GPS receivers actually use the LightSquared signal. 


2 See http:! Iwww.dailyfinance.com 1 2011 ! 10 ! 15 1 lightsquared-our-lte-network-wiU-he-hetter- 
than-a / 



167 


Q9a. Did users know about this issue years ago'? 

Q9b. Is it disingenuous for LightSquared to blame GPS manufacturers? 

A9-9b. The GPS community did not know years ago, and could not have predicted, 
that the FCC would effectively seek to reallocate spectrum from space services such 
as the MSS to terrestrial mobile services without a notice of proposed rule-making 
and in contradiction to prior statements that it would maintain the satellite gating 
requirement that prohibited stand-alone terrestrial services as LightSquared has 
proposed. Speculation that the Commission would do so would have rightly been dis- 
missed as unfounded speculation by the FCC. In numerous formal rulemakings, 
FCC indicated they would not allow stand-alone terrestrial services and GPS users 
and manufacturers relied on those assurances. ® 

In addition, some high precision receivers use MSS signals in the adjacent spec- 
trum as part of contractually agreed on services from Inmarsat and the Sk 3 derra 
satellite now owned by LightSquared. It would seem unusual to expect GPS manu- 
factures to design equipment providing poorer performance in the expectation that 
existing satellite services would be eliminated by a future regulatory action that the 
Commissions denied it would ever take. 

QIO. What impaet would LightSquared’s network have on high precision GPS re- 
ceivers? 

QlOa. First, how important are high precision receivers today? 

QlOb. Is the trend for higher precision receivers across the board in all industries? 
QlOc. How are these receivers affected by LightSquared’s most recent proposal? 

QlOd. Does LightSquared have a viable solution for the high precision receivers? 
QlOe. What do you see as a solution for these types of receivers? 

AlO-lOe. High precision GPS receivers are crucial to multiple areas or the economy 
and scientific work. The accuracy and precision of high end GPS receivers are relied 
upon in surve 3 dng, mapping, construction, machine control, and agriculture to the 
extent that readily available substitutes do not exist. 

The LightSquared proposal and associated interference does not represent a single 
type of threat. Different applications have different requirements for precision with 
scientific users perhaps being the most demanding. While it is possible to expect 
mobile phones to be unaffected by LightSquared operations that are restricted to the 
lower band, it is not possible to imagine the same for wideband and high precision 
receivers. LightSquared interference would most severely impact scientific work 
supported by federal agencies and economically impact those areas of the economy 
reliant on high precision positioning and timing.There is only one GPS and one set 
of GPS signals that are used in such critical applications. There are multiple means 
for providing broadband communications. The highest levels of GPS precision posi- 
tioning and timing should not, and need not, be sacrificed for a capability that can 
be supplied in other ways. In my opinion, tbe solution for high precision receivers 
is to maintain the 1525-1559 MHz band as a dedicated space services band as it 
has been for many decades. 


Questions Submitted by Ranking Member Eddie Bernice Johnson 

Ql. NOAA’s prepared statement says that its engineers are concerned that a filter 
capable of blocking out the powerful LightSquared signal at the lower channel 
may also prevent the reeeiver from detecting the GPS signal, rendering it use- 
less. 

Qla. In your opinion, is it technieally feasible to design a filter that simultaneously 
allows GPS users to listen to signals in LightSquared’s allocated bandwidth 
and bloek LightSquared’s signals? 

Qlb. Can you estimate its cost? 

Qlc. What are the challenges associated with certifying such filters for aviation use? 

Al-lc. I don’t believe you can have a commercial filter that can discriminate be- 
tween wanted and unwanted emissions that are effectively identical. Blocking a sig- 


^ In the original FCC Order dated February 10, 2003, Paragraph 1: ‘We do not intend, nor 
will we permit, the terrestrial component to become a stand-alone service.” The gating criteria 
that maintained this prohibition was never waived until January of this year. 
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nal in a certain frequency band means blocking all signals unless one is using so- 
phisticated anti-jam/anti-spoofing techniques that would he impractical for non-mili- 
tary users. I could not estimate the cost of such devices. 

Hypothetically assuming a new filter existed, aviation certification would require 
incorporating the filter into an existing aviation receiver or creating a new receiver 
for certification. It is the aviation receiver whose performance has to meet Minimum 
Operational Performance Specifications (MOPS), not just the filter itself. Certif 3 dng 
a new type of receiver can take years. 

Q2. What can Congress do to protect the future value of spectrum and ensure user 
receivers do not bleed into spectrum not assigned to them? What are the chal- 
lenges associated with establishing receiver standards to preclude devices from 
picking up unintended spectrum? 

A2. It would be more accurate to say that transmitters pose a risk of their emis- 
sions bleeding over into spectrum not assigned to them. The type of interference 
caused hy LightSquared to GPS arises from both the practical design of GPS filters 
and the power of the LightSquared terrestrial signal. It is not accurate to charac- 
terize the interference as solely a GPS receiver problem. This is true hoth tech- 
nically, and in terms of the FCC regulations 47 CFR 25.255, which states that the 
MSS ATC operator must resolve any interference. The fact is that all GPS receivers 
incorporate filters that are carefully designed and calibrated for the environment in 
which they are expected to operate. 

Receivers incorporate filters to protect against unwanted emissions and in the 
case of GPS receivers operating next to the MSS spectrum, most have filters to pre- 
vent interference from the more powerful MSS signals coming from the satellite. In 
some cases, the GPS receivers are even designed to received MSS signals through 
the same antenna and front-end as used for the GPS signals. Unfortunately, no fil- 
ters have not yet heen demonstrated that can protect GPS receivers from the many 
billions of times stronger terrestrial LightSquared signal. 

The ability of real-world hardware filters to reject interference is not infinite. Any 
filter can eventually be overcome by a sufficiently strong interference source. Inci- 
dentally, this is why it is critically important for the FCC to formally limit the au- 
thorized maximum power of LightSquared ATC transmissions to the lower levels at 
which LightSquared has promised to operate. If FCC regulations allow 
LightSquared to raise their base station power by a factor of 10 in the future, any 
filter mitigation developed and deployed today — even if it is technically feasible — 
could be once again overwhelmed and rendered ineffective if LightSquared increases 
its terrestrial power in the future. 

Industry already develops and uses standards to serve their customers and mar- 
kets. There are normal market forces that drive receiver performance. The govern- 
ment should not seek to define separate standards except for compelling purposes 
of national security (e.g., military applications) or public safety (e.g. as with aviation 
receivers). The government should certainly not try to establish standards that 
would limit the performance of receivers used in scientific research — whether in 
space or on the Earth. 

On the subject of standards, it is important to clarify claims that “GPS commer- 
cial device manufacturers have ignored government design standards.” The stand- 
ard to which LightSquared refers was published by the Department of Defense in 
2008 and is known as the Standard Positioning Service Performance Standard (SPS 
PS). As its name implies, the SPS PS is a performance standard, not a design stand- 
ard. The SPS PS defines the level of accuracy and other performance a representa- 
tive GPS receiver can expect from the GPS system of satellites and ground control 
elements, but it is not in any way a GPS receiver design standard. Section 2.0 of 
the SPS PS clearly states: “The representative receiver characteristics are used to 
provide a framework for defining the SPS performance standards. They are not in- 
tended to impose any minimum requirements on receiver manufacturers or integra- 
tors, although they are necessary attributes to achieve the SPS performance de- 
scribed in this document.” Therefore, claims that the SPS PS serves as a “govern- 
ment design standard” are incorrect. 

The most effective oversight action the Congress could take is to ensure that the 
FCC follows the Administrative Procedures Act and that changes in the allocation 
of spectrum are done through normal notices of proposed rulemaking based on tech- 
nical facts openly presented. 

Q3. Your statement provides several ways to move forward, including an option to 
help LightSquared find alternative spectrum for its terrestrial network outside 
the L-band. Is there any precedent for FCC doing such a thing? 
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A3. The FCC has provided “bidding credits” in spectrum auctions to certain cat- 
egories of applicants, such as small businesses or those serving tribal lands. The 
Commission could seek authorization from the Congress to provide assistance to 
LightSquared or other similarly situated MSS ATC operators to secure non-L-band 
spectrum already allocated for terrestrial mobile services if it was determined that 
such assistance was warranted. As a practical matter, the Commission would likely 
be reluctant to undertake the difficult work necessary to make this happen, but it 
is an option if the policy case for broadband was sufficiently compelling. 

Q4. The European Union and the United Nations’ aviation body ICAO have voiced 
concern about the potential disruption to aviation use of GPS caused by the pro- 
posed LightSquared network. What agreements do we have in place that we risk 
violating were such disruptions occur? 

A4. Article 11 of the 2004 Agreement between the U.S. and European Union on 
the use of GPS and Galileo states: 

The Parties shall work together to promote adequate frequency allocations for sat- 
ellite-based navigation and timing signals, to ensure radio frequency compatibility 
in spectrum use between each other’s signals, to make all practicable efforts to pro- 
tect each other’s signals from interference by the radio frequency emissions of other 
systems, and to promote harmonized use of spectrum on a global basis, notably at 
the ITU. The Parties shall cooperate with respect to identifying sources of inter- 
ference and taking appropriate follow-on actions. In 2007, the FAA submitted a let- 
ter to ICAO that reaffirmed “the United States Government’s commitment to pro- 
vide the Global Positioning System (GPS) Standard Positioning Service (SPS) for 
aviation throughout the world. Further, the United States commits to provide the 
Wide-Area Augmentation System (WAAS) service within its prescribed service vol- 
ume.” The letter goes on to say “The U.S. Government plans to take all necessary 
measures for the foreseeable future to maintain the integrity, reliability and avail- 
ability of the GPS SPS and WAAS service and expects to provide at least six years’ 
notice prior to any termination of such operations or elimination of such services.” 

While not a formal agreement, the 1998 Joint Statement between the United 
States and Japan recognized GPS cooperation between the two countries along with 
the commitment that the two countries would “help develop effective approaches to- 
ward providing adequate radio frequency allocations for GPS and other radio- 
navigation systems.” 
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Additional Material for the Record 

Prepared Statement of Mr. Randy Neugebauer 
U.S. House Committee on Science, Space, and Technology 

Mr. Chairman, thank you for holding this full Committee hearing to review the 
effects of the proposed LightSquared broadband network on federal science activi- 
ties. Multiple studies have indicated that LightSquared’s proposal will cause wide- 
spread degradation of virtually every Global Positioning System (GPS) application 
in the United States, and I have significant concerns about its effects in particular 
on federal science activities. I also am concerned that the network will severely 
damage GPS usage for agricultural production in the U.S., which is a major concern 
for my constituents in the 19th District of Texas. 

LightSquared intends to build 40,000 high-powered ground transmission units, 
creating a signal one billion times stronger than GPS signals. This could lead to 
major interference issues since the spectrum to be used is immediately adjacent to 
GPS spectrum. 

The President’s national broadband initiative is admirable, but as with any major 
proposal it is imperative that we consider the consequences. The Administration has 
seemed amicable to LightSquared because it advertises massive expansion of 
broadband technology to millions of Americans if it is allowed to build out its terres- 
trial network. However, I am worried that the negative impacts of the technology 
will far outweigh the benefits. The scientific problems with the substantial terres- 
trial usage of this spectrum — for which FCC precedent has only allowed ancillary 
terrestrial usage in the past — have been well documented. As a result LightSquared 
has recently published a modified proposal to use only the lower half of the spec- 
trum initially. Preliminary studies indicate that even this proposal would have se- 
vere effects on federal science activities. There is certainly not sufficient evidence 
to support this alternative proposal without further study. 

I look forward to the verbal testimony of the panel before the Committee today. 
Based on current evidence, LightSquared’s proposal could severely inhibit federal 
science activities. I believe that the experts testifying here today will provide valu- 
able insight into the problems this plan could cause. 

Thank you. 
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Letter from Members of Congress to Hon. Julius Genachowski, 
Chairman, Federal Communications Commission, Washington, DC 


Cicngrcss tif ii\s llntieft Statta 

5)CL HXI515 

June 7, 201 1 


The Honorable Julius Genachowski 
C'hairman 

Federal Corcniunications Commission 
445 12'*' Street, SW 
Washington, DC 20554 

Dear Mr. Chairnian: 

We write to express concern about a conditional w^aiver that the International Bureau granted in January 
201 1 after an abbreviated public-notice process. 

The exclusive waiver, for a company named LightSquared Subsidiary LLC, would waive the integrated 
service rule for its L-Band Mobile Satellite Service license. As a result, Li^tSquared could 
dramatically expand the terrestrial use of satellite spectrum that neighbors Global Positioning System 
(GPS) spectrum. This action has serious implications for all GPS technologies, and could negatively 
impact millions of Americans. Unfortunately, the FCC has recklessly fast-tracked the waiver process 
without undertaking appropriate review procedures. The Commission has called on a working group to 
investigate and report on the potential for GPS interference by June 1 5. Accordingly, we request that 
the Commission only approve LigJitSquared’s waiver if it can be indisputably proven that there will be 
no GPS interference. 

LightSquared intends to build 40,000 high-powered ground transmission stations, which would transmit 
radio signals one billion times more powerful than GPS signals. Since the intended spectrum usage is 
immediately adjacent to GPS spectrum, it could lead to severe interference that effectively renders the 
technology useless. Such interference would have devastating effects on the United States military, 
emergency responders, aviation, agricultural producers, cellular telecommunications companies, 
homeland security, transportation, forestry, engineering and construction, land management, disaster 
management, natural resources, utilities, and individual constimcrs who rely on GPS for everyday needs. 

General William Shelton, the head of the U.S. Air Force Space Command, recently said, “Within three 
to five miles on the ground and within twelve miles in the air, GPS is jammed by those towers... If we 
allow that system to be fielded and it does indeed jam GPS, think about the impact. We’re hopeful we 
can find a solution, but physics being physics we don’t see a solution right now. LightSquared has got 
to prove that they can operate with GPS and w'e’re hoping the FCC does the ri^t thing.” 

With such significant potential consequences, the FCC should have conducted in-depth studies on the 
consequences of reallocating the spectrum prior to issuing the conditional waiver. Such an approach 
wouldhave allowed for significant public comment by all stakeholders. Instead, the FCC granted the 
waiver with the intention of subsequently testing the effects of repurposing the spectrum. We are 
concerned that the brief study period arranged by the FCC following the issuance of the conditional 
waiver does not allow for nearly the consideration necessary for such a far-reaching decision. 
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CC: The Honorable Robert Gates, Secretary, Department of Defense 

The Honorable Janet Napolitano, Secretary, Department of Homeland Security 

The Honorable Gary Locke, Secretary, Department of Commerce 

The Honorable Tom Vilsack, Secretary, Department of Agriculture 

The Honorable K.en Salazar, Secretary, Department of Interior 

The Honorable Ray LaHood, Secretary, Department of Transportation 
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Cosigners: 


Robert Andrews 

Daniel Lipinski 

Steve Austria 

David Loebsack 

John Barrow 

Billy Long 

Rick Berg 

Buck McKeon 

Judy Biggert 

Cathy McMorris Rodgers 

Leonard Boswell 

Brad Miller 

Mo Brooks 

Candice Miller 

Paul Broun 

Randy Neugebauer 

Mike Coffman 

Kristi Noem 

Michael Conaway 

Richard Nugent 

Mario Diciz-Balart 

Ron Paul 

Renee Ellmers 

Stevan Pearce 

Chaka Fattah 

Collin Peterson 

Jeff Flake 

Bill Posey 

Bill Flores 

Reid Ribble 

John Garamendi 

Ileana Ros-Lehtinen 

Sam Graves 

Dutch Ruppersberger 

Tim Griffin 

Robert Schilling 

Brett Guthrie 

Jean Schmidt 

Ralph Hall 

Aaron Schock 

Richard Hanna 

Kurt Schrader 

Gregg Harper 

Austin Scott 

Martin Heinrich 

Adrian Smith 

Randy Hultgren 

Steve Stivers 

Lynn Jenkins 

Mac Thomberry 

Bill Johnson 

Patrick Tiberi 

Hank Johnson 

Paul Tonko 

Timothy Johnson 

Niki Tsongas 

Jack Kingston 

Michael Turner 

Larry Kissell 

Timothy Walz 

Doug Lambom 

Lynn Westmoreland 

Tom Latham 

Rob Woodall 

Steven LaTourette 

Kevin Yoder 
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Response to Hon. Randy Neugebauer from 
Hon. Julius Genachowski, 

Chairman, Federal Communications Commission, 
Washington, DC 


Federal Communications Commission 


September 8, 20 i 1 

JUtlDS GElN.ftCHOWtKl 
ChAiRMA-N 

The i-ionorab)e Randy Neugebauer 
U.S. House of Representatives 
H24 Longwortb House Office Building 
Washington, DXi. 20515 

Dear Congressman Neugebauer: 

Thank you for youi’ leiier regarding the Commission's work with respect to 
LightSquared's proposed operation in the MSS L-Bancl. The Commission rem.ains committed to 
.identifying opportunities to make additional spcclrum available for mobile broadband to secure 
the Nation's leadership in the mobile space, spur further innovation, job creation, and economic 
gi’owhb, and eniiance our overall global compsiitiveness. 

As 1 have stated previously to Congress, the Commission will not permit LigbtS< 5 uared to 
begin commercial service without first resolving concerns about potemiai widespread harmful 
interference to GPS devices. 

The current interference concerns are signifeanu and we have taken them very seriously. 
The FCC has proceeded in an open, thorough, and fair way, and we will eo.ntinue to operate in 
this manner. On June 30, 20 11, the Commission issued a Public Notice inviting comment on the 
final report of the techuica] working ^up established as a condition of the January^ Waiver 
Order. The Commission, in consultation wdth NtLA has been reviewing the report’s findings 
and established a public comment cycle to give partic.s further opportun}tie.s to pre.serit theli- 
views on .LigbtSquared' s revised proposal to operate only on the lower portion oi its spectrum 
and on the report. The public eormnent cycle closed on August 1 5, 2011 . i assure you that we 
will consider thoroughly all submissions received in response to the Public Notice. 

Finding additional .spectrum for innovalive wireless services has been the source of 
tremendQu.s growth for our country, and its potential to create jobs and drive the economy for the 
foreseeable foturc is substantial 1 look fomard to working with you and your colleagues to 
ensure that w^e use this precious resource wisely, and that w^e maximize the econ.o:nic, public 
safety and national secur,ily potential it affords us. 


Sincerely, 
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Written Statement of the Coalition to Save Our GPS 
Presented to the House Committee on Science, Space, and Technology 


Written Statement of the Coalition to Save Our GPS 
Before the House Committee on Science, Space and Technology 
September 8, 2011 

Dear Chairman Hall, Ranking Member Johnson and Members of the Committee, thank you for the 
opportunity to file this written testimony on behalf of the Coalition to Save Our GPS, which consists of 
more than 70 members and 130 associate members, and represents more than 100,000 companies and 
millions of employees in a broad range of industries. 

As you may know, the Coalition was formed because of our grave concerns about the threat 
LightSqua.red’s plans pose to the continued viability of the Global Positioning System (GPS}, a national 
utility upon which millions of Americans rely each day. From the outset, we have sought to make it clear 
that we support increased wireless broadband as an important national policy objective, while at the 
same time being adamant in our belief that it is critically important to our countr/s productivity and 
economy that GPS not be disrupted. Indeed, GPS, wireless broadband and the internet are three 
powerful and complementary technologies that are converging to offer unprecedented benefits to 
consumers and businesses. Degrading one to promote another would be a grave disservice to end users 
of new and innovative services that take advantage of these technologies. 

Importance of GPS 

GPS is both deeply embedded in and critical to the nation's economy and is an important source of 
ongoing innovation. The United States is a world leader in GPS technology, and GPS is a crown jewel of 
our country's technology. In the last 30 years, the Department of Defense has invested $35 billion in the 
GPS constellation and makes an ongoing investment of $1.7 billion annually to maintain and improve , 
the system. More than 3 million Americans work in diverse industries that use GPS intensely, and GPS 
provides an estimated $67 billion in annual efficiency benefits to the U.S economy. 

The investment in GPS technology by federal, state and local governments is immense. As one example 
at the federal level, the FAA has estimated that between $6 billion and $7 billion has been invested in 
GPS-based infrastructure and equipment, and that interference with GPS would cost the economy $22 
billion annually by 2022 by disrupting the transition to NextGen - the GPS-based system designed to . 
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revolutionize air traffic control efficiency in the United States. One state department of transportation 
estimates that it saves about $4 million in the annual state budget by its use of high-precision GPS, 
relative to more costly legacy positioning methods. These cost savings reflect the ability to predictably 
bid and reliably complete projects using high-precision GPS throughout the state. In addition, it 
estimates that its state's public utilities annually save approximately half-a-miilion more in decreased 
costs on capital projects (i.e., the construction, replacement and maintenance of drainage pipes, sewer 
lines, water lines) by using GPS over legacy technologies. At the local level, one city with a population of 
200,000 estimated that it saved $14.6 million annually through the use of GPS in carrying out many city 
functions. These examples can be multiplied many times over across the country. In these times of 
budget deficits and economic difficulties. It is imperative to avoid degradation of an established asset 
like GPS upon which so many have come to rely. 

The U.S. GPS industry is thriving; annual sales of GPS equipment and services grew from $25 billion in 
2005 to nearly $40 billion in 2010, and an estiniated 500 million GPS receivers are in use in this country. 
Location-based applications and services are among the hottest segments for high-tech innovation, 
which attracts venture capital investment. A recent Pew Research Center study found that more than a 
quarter of all American adults use mobile or social location-based services of some kind. GPS has 
positive environmental impacts, reducing fuel usage through better navigation and fleet management 
and, utilizing high-precision GPS, lessening the amount of seed and fertilizer needed in planting and 
growing crops. Additionally, interference with GPS in the U.S. has international implications: GPS is used 
internationally for aviation and maritime navigation, so interference in the U.S. stands to disrupt other 
nations' commercial activities in addition to our own. 

Interference Test and Lower Band Results 


In the period prior to the Federal Communications Commission's (FCC) international Bureau (IB) grant of 
a conditional waiver to LightSquared in January of this year, the GPS user community, GPS companies 
and government users argued that LightSquared's proposed operations would cause severe interference 
to GPS signals. But when the International Bureau's order created the Technical Working Group (TWG) 
process, the GPS industry and GPS users fully cooperated with the International Bureau's efforts to 
resolve LightSquared interference issues. 
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The deployment plans that LightSquared submitted for analysis by the TVv^G involved operations in two 
separate spectrum bands within the mobile satellite service spectrum licensed to Light Squared- 1545 - 
1555 MHz, which is directly adjacent to the GPS band (referred to as the "upper band"), and 1525 - 1535 
MHz (the "lower band"). Both large and small companies from the GPS manufacturing industry, as well 
as mobile carriers, GPS users and-other affected industries, devoted their best engineers to months of 
intensive study of the deployment scenarios submitted by LightSquared. In addition, government GPS 
users conducted extensive independent tests at the White Sands and Hollomon Air force bases. As 
predicted by private and governmental GPS users prior to the International Bureau's January waiver 
decision, these tests showed massive interference in all of the deployment scenarios. Apparently 
surprised by these results, shortly before all testing was scheduled to be concluded, LightSquared 
requested testing of a new deployment proposal, involving use of the lower band only. As best they 
could in the limited time available before the study's deadline, TWG participants scrambled to conduct 
preliminary tests and crunch the data for its submission to FCC. While the lower band tests remained 
incomplete, the last-minute testing that was conducted showed significant interference problems in the 
lower band. 

Although LightSquared has declared that the lower band "solution" avoids harmful interference for 99.5 
percent of commercial GPS devices and 100 percent of GPS-enabled mobile phones and general 
navigation devices, the facts simply do not support those claims. 

First, LightSquared has conceded that the lower band proposal does not solve interference concerns for 
high-precision GPS receivers, many of which have been designed to receive GPS "augmentation 
services" that LightSquared has historically provided over its MSS satellites for a fee. There are an 
estimated 750,000 to 1 million high-precision devices in use and, in the last five years, $10 billion has 
been invested in high-precision GPS equipment. High-precision receivers are embedded in pieces of 
expensive capital equipment costing tens of thousands to hundreds of thousands of dollars each. These 
are state-of-the-art survey instruments, aviation navigation systems, agricultural combines and heavy 
construction equipment. In lower band testing, 31 of 33 high-precision receivers showed harmful 
interference. As a result, critical economic activities would be substantially disrupted by lower band 
operations, including: 
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• Agriculture: High-precision GPS receivers are widely used in agriculture - allowing for the precise 
application of seeds, fertilizer and crop protection materials. This Increases crop yields, decreases 
costs and substantially benefits the environment. Interference to GPS would substantially 
decrease crop production, increase consumer food prices and jeopardize safe agricultural 
operations. One ieading equipment and technology provider. Coalition member Deere & 
Company, estimates that disruption to high-precision signals alone could result in a negative 
impact to U.S. farmers of $14 billion to.$30 billion each year. 

• Construction and Surveying: On construction job sites, high-precision GPS technology helps 
improve workers safety, reduce project delays, reduce fuel consumption and produce a more 
efficient work site, it also aids in preventing theft of equipment and assists in equipment 
maintenance. A recent study conducted by NDP Consulting estimated that GPS contributes $9.2 
billion in economic benefits in the construction industry alone. Surveyors are highly reliant on GPS 
technology, particularly high-precision GPS, which is vital to their daily operations. As a top land 
surveyor association reported, tens of thousands of high-precision GPS receivers are used by 
surveyors for the efficient design, construction and maintenance of roads, bridges, commercial 
properties, residential subdivisions, parks, farms and golf courses. Disruption to GPS could have a 
widespread effect. For instance, in California alone, there are 4,000 licensed surveyors and 68,000 
engineers who are highly dependent on GPS technology. 

Contrary to LightSquared's claims, high-precision GPS receivers are in common use in urban and 
suburban areas where its facilities will be deployed immediately, LightSquared must be responsible for 
ail steps necessary to avoid interference to high-precision devices. 

Second, LightSquared's claim that its revised plan solves interference concerns for "approximately 99.5 
percent of all commercial GPS devices" is based on its own unilateral and unsupported definition of 
what constitutes "harmful interference." If more standard industry measures are used, its iower band 
operations will create harmful interference to millions of cell phones and navigation devices. Tor 
example, the TWG report shows and various Coalition members have reported in FCC filings that: 

• In the general location/navigation category, 20 of the 29 tested devices "would experience 


harmful interference." 



183 


• Potentially up to 10 out of 41 GPS receivers inside cell phones failed to pass the defined 
interference test. 

What this means is that the available test data shows significant interference to more than 100 million 
cell phones and general navigation devices currently in use. Any failure in cellular devices due to 
interference is unacceptable: accurate GPS information is vital for critical services such as wireless E911 
location, support of dispatch operations and mapping/response directions to responders. One wireless 
provider alone reported that it employs GPS receiver-based technologies in more than 90 million mobile 
devices-for use by public safety organizations, government agencies and others to obtain important 
wireless E911 location data. 

Further key industries that would be affected include: 

• Aviation: As the Federal Aviation Administration (FAA) has estimated in its report on the impact of 
LightSquared's proposed plans, the planned network would cost general aviation $440 million a 
year and, that disruption of GPS would result in the loss of nearly 800 lives over the next 10 years. 
That's in addition to previously noted estimated annual $22 billion NextGen costs to the economy 
by 2022. 

• Transportation: Disruption to GPS would have a devastating effect on U.S. transportation 
networks, vital to the nation's commerce and economy. One Coalition member. United Parcel 
Service, Inc. (UPS) stated that every day it relies on GPS devices to transport packages 
representing 6 percent of U.S. gross domestic product and 2 percent of global gross domestic 
product. 

Perspective on LiehtSauared's Proposals 

Technical Challenges: LightSquared's proposed operations present a unique and severe technical 
challenge. What it is trying to do has never been tried before. It's important to bear in mind what is at 
the crux of this issue: a massive disparity in signal strength as received by GPS devices on Earth. The lone 
source of power for GPS satellites is the sun, with solar panels providing a generation power of about 50 
watts, less power than required by many household light bulbs. The GPS signal then travels 12,000 miles 
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to Earth. That's in comparison to LightSquared signals that testing show are bilions of times more 
powerful, as received on Earth, than GPS' - with LightSquared's signals in spectrum close by to that of 
GPS. 


TWG studies show and LightSquared acknowledges that its original proposal using both upper and lower 
MSS spectrum blocks would cause severe interference to all GPS applications. The so-called "solution" - 
the move to the lower band - nioves LightSquared only 10 MHz farther away from GPS bands. 

Given the limited tests to date, it would be a significant gamble to let LightSquared move forward 
without further study, in fact, every major independent group to study the interference issue has 
concern with the "lower MSS band" proposal and has advocated additional testing. These independent 
groups include the RTCA, an aviation engineering body; the National Public Safety Telecommunications 
Council; and the National Positioning, Navigation and Timing Engineering Forum. 

There is no "retrofit" option for GPS receivers because they are deeply embedded in other devices, such 
as cell phones and personal navigation devices. So, if LightSquared turns on and there is interference, 
there is no way to fix the problem - other than turning off LightSquared's transmitters - for the 
hundreds of millions of GPS receivers already owned by businesses and consumers. 

It's important to note that all of the discussion about filters and technical fixes raised by LightSquared is 
about technology that could be introduced in future GPS receivers. The only filters LightSquared could 
produce for TWG testing were for low accuracy "narrowband" GPS receivers. The GPS industry is 
skeptical that receivers can work for more advanced "wideband" receivers that use the whole GPS band. 
But in any event, there is no dispute that they are not now available. 

Regulatory Accusations: LightSquared's ongoing regulatory claims are factually wrong and, ultimately, 
irrelevant. In LightSquared's version of its history with the FCC, it was authorized to build a nationwide 
broadband wireless network in 2003 and the GPS industry "should have known this was coming." 
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Even if one accepts this account, it means that LightSquared sat by for eight years while hundreds of 
billions of dollars were invested in GPS by government, businesses and consumers. LightSquared has 
now activated its long dormant plans and is second-guessing technology decisions made by hundreds of 
government and industry players so that it can shift costs of interference to them. 

In any case,, LightSquared's version of history does not square with the facts. As recently as March 2010, 
the FCC - in its National Broadband Plan - acknowledged that LightSquared's terrestrial authorization 
allowed it to "hi! in" gaps in its satellite coverage. Obviously, LightSquared's current plans go far beyond 
that limited action, which creates the potential for far more widespread interference. The description of 
LightSquared's limited role is consistent with every major FCC order discussing this subject since 2003. 

LightSquared's spectrum was and still is subject to restrictions protecting GPS so it has never had 
"superior" legal rights relative to GPS. FCC rules since the beginning have said that permitted "ancillary 
terrestrial" (ATC) operations in the LightSquared spectrum must protect other spectrum users - 
including GPS operators -from interference, and that the ATC operator is obligated to cure 
interference; this rule is still in effect and has not been waived. 

LightSquared also knew that the FCC had committed to government users to work closely with them to 
protect GPS from interference. In this instance, the FCC did not keep this commitment until very late in 
the process. So LightSquared never had a reasonable expectation that it could pursue its current 
business plan uniess the FCC changed its prior policies regarding use of its spectrum. 

LightSquared should acknowledge its obligation to eliminate interference to GPS if it is allowed to roll 
out terrestrial service. It must come up with mitigation plans that work and which do not shift costs to 
government and private users of GPS. So far, its mitigation plans have either been proven not to work 
or have not been subject to sufficient testing. Nor has LightSquared accepted its responsibility to 
address interference to the huge existing base of affected GPS devices already in the hands of 
consumers, government users, and businesses. So its proposed "solutions" are not complete, or proven, 
solutions at all. 
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Summary 

In closing, we wish to reiterate the Coalition's strong support for increased wireless broadband. This 
nation should not have to face an "either/or” choice between having viable national broadband or a 
viable GPS. As the Committee explores these vitality important issues we hope you will feel free to 
contact members of the Coalition for any further information on how LightSquared's plans would affect 
their industries, businesses and livelihoods. 

Thank you. 

The Coalition to Save Our GPS 
http://\A/ww.saveourgps.org 
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Impacts of the LightSquared Network Letter Campaign 

1. Richard Walter, Houston County, MN DOT, September 1, 2011 

2. Brian Pogodzinski, Houston County, MN DOT, September 1, 2011 

3. Jon Dasler, David Evans and Associates, Inc., September 2, 2011 

4. Tammy Kaber, John West Surveying Company, September 6,2011 

5. William Thompson, Thompson-Fleming Land Surveyors. P. C., September 6, 2011 

6. Fred Sanchez, ASCI, September 6, 2011 

7. Kristopher Kline, 2Point, Inc., September 6, 2011 

8. Jimmy Elmore, Hunsaker & Associates San Diego, Inc., September 2, 2011 

9. Rick Skierka, Land Surveyor, September 2, 2011 

10. David Hill, Stantec Consulting Services Inc., September 2, 2011 

11. Robert Osborne, Southern Surveyors Group, LLC, September 2, 2011 

12. Richard Holmes, Jr., Precision Surveying and Consulting Services, inc., September 6, 2011 

13. Cory Rushing, Polyengineering, Inc., September 2, 2011 

14. James Wengler, Land Surveyors Association of Washington, September 2, 2011 

15. Jim Whitehead, ATCS, PLC, September 2, 2011 

16. Kent Orvik, Survey Group Kadrmas, Lee and Jackson, Inc., September 2, 2011 

17. Steven Barczak, Environmental Design International, Inc., September 2, 2011 

18. Terry Watson, R.L.S Land Surveying, Inc., September 2, 2011 

19. Jackie Dillehay, Ragan-Smith Associates, September 6, 2011 

20. Lee Hixson, Hixson Surveying, September 2, 2011 

21. Patrick Martino, Professional Land Surveyor, September 6, 2011 

22. Rob Berard, Ackerman Surveying and Associates, Inc., September 2, 2011 

23. James Rusch, Wisconsin Surveyor S-1376, September 2, 2011 

24. David Putt, Putt Land Surveying, Inc., September 2, 2011 

25. Jim Greenman, Haner, Ross and Sporseen, Inc., September2, 2011 

26. Jeffery Moog, Cornerstone Engineering, Inc., September 6, 2011 

27. Richard Leslie, Bay Colony Group, Inc., September 2, 2011 

28. Christopher McCrimmon, LCM Surveying and Engineering, September 6, 2011 

29. Greg Flowers, USKH Inc., September 6, 2011 

30. Gregory Crites, David Evans and Associates, Inc., September 2, 2011 

31. Bruce Lee, Newcomer-Lee Land Surveyors, Inc., Septembers, 2011 

32. Lindy Glenn, Gateway Services Group, September 6, 2011 

33. Robert Shotts, Robert S. Shotts, Inc., September 2, 2011 

34. Paul Landau, David Evans and Associates, September 2, 2011 

35. James Kinley, P.LS, P.E., September 2, 2011 

36. Greg Wilding, Wilding Engineering, Inc., September 2, 2011 

37. Bill McMonagle, Harris-McMonagle Associates, Inc., September 2, 2011 

38. Robert Clark, Not Listed, September 2, 2011 

39. Jesse Suzan, Wisconsin Professional Land Surveyor, September 2, 2011 

40. Peter Bell, Not associated with an organization, September 2, 2011 

41. Reggie Jaquish, Jaquish Land Surveying LLC, September 3, 2011 

42. Bill Kitterman, Rincon Associates, Inc., September 3, 2011 
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43. John Green, Hatch Mott MacDonald, September 3, 2011 

44. Pennsylvania Society Of Land Surveyors, September 3, 2011 

45. David Mauthe, Not associated with an organization, September 4, 2011 

46. Michael Pierre Lavey, Not associated with an organization, September 4, 2011 

47. Bruce Conery, Buckeye Surveying Services, Inc., September 4, 2011 

48. Paje Owens, S.I.T., September 5, 2011 

49. Mitch Paulk, Land Engineering, Inc., September 5, 2011 

50. Matthew Mokanyk, LandTech, September 5, 2011 

51. Joe Flynn, O'Leary-Burke Civil Associates, PLC, September 5, 2011 

52. Steve Schultz, Pictometry International Corp., September 6, 2011 

53. Charles Mondello, Pictometry International Corp., September 6, 2011 

54. Michael 2oltek, Pictometry International Corp., September 6, 2011 

55. Yandong Wang, Pictometry international Corp., September 6, 2011 

56. Thom Salter, Pictometry International Corp., September 6, 2011 

57. Alex Wallace, ESA, September 6, 2011 

58. Terry Van Hout, Not associated with an organization, September 6, 2011 

59. Steven Parker, Boundary Stone Surveying PC, Septembers, 2011 

60. Bill Buntrock, True North Surveying and Mapping, LLC, Septembers, 2011 

61. Tim Jeatran, Jackson County Surveyor and Land Information Coordinator, Septembers, 2011 

62. Cliff Byrd, Tower Engineering Professionals, Inc., September 6, 2011 

63. Steve Frazer, Empire Consulting Services, LLC, September 6, 2011 

64. Bobby Bengtson, Dewberry, September 6, 2011 

65. David Jones, McKim and Creed, September 6, 2011 

66. Joe Bruno, ESP Associates, P.A., September 6, 2011 

67. William McCarthy, Summit Consulting, September 6, 2011 

68. David Jacob, Jacob Land Surveying, September 6, 2011 

69. Newt Carlson, Keystone Precision Instruments, September 6, 2011 

70. Glenn Shelnutt, Not associated with an organization, September 6, 2011 

71. Guy Thompson, Dimensional Land Surveying and Mapping, PLLC, September 6, 2011 

72. Robin Lee, McKim and Creed, September 6, 2011 

73. Steve Campbell, Campbell and Associates Inc., September 6, 2011 

74. Daryl Brickner, Missman Inc., September 6, 2011 

75. Ian D. Murgatroyd, Not associated with an organization, September 6, 2011 

76. Craig S. Duet, Not associated with an organization, September 6, 2011 

77. Marvin Myers, Professional Surveyor Michigan No. 31600, September 6, 2011 

78. John Story, Donaldson, Garrett and Associates, Inc., September 6, 2011 

79. H. Lawrence Sinco, Not associated with an organization, September 6, 2011 

80. Jim Bosworth, Maine Technical Source, Inc., Septembers, 2011 

81. Aaron Joplin, Taylor Wiseman and Taylor, September 6, 2011 

82. Steve Alex, Chazen Companies, September 6, 2011 

83. Jack Owens, Not associated with an organization, September 6, 2011 

84. John Paul Mereen, Not associated with an organization, September 6, 2011 
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85. Josh Davis, Not associated with an organization, September 6, 2011 

86. Jason Neii, Peak Surveying, inc., September 6, 2011 

87. Joseph Lett Jr., Professionai Land Surveyor, September 6, 2011 

88. Frank Sova, HRP Associates, inc., September 6, 2011 

89. Patrick Bentley, Abonmarche, Septembers, 2011 

90. Brian Siebenthal, Riverstone Company, September 6, 2011 

91. Dan Corbin, Dan Corbin, Inc., Septembers, 2011 

92. Michael Mashburn, Survey Student Oregon Institute of Technology, September S, 2011 

93. Ray Lillibridge, Downtown Design Services, Inc., September 6, 2011 

94. Douglas Loomis, Survey Consultants, Inc., September S, 2011 

95. Edward Dudley III, Riverstone Company, September 6, 2011 

96. M.C. Butch Evans, RODS Surveying, Inc., September S, 2011 

97. Bruce Rucker, Johnson and Pace Incorporated, September 6, 2011 

98. Cody Miller, R 6 Miller Engineers Inc., September 6, 2011 

99. John Lindstrom, Michigan Surveyors Supply, September 6, 2011 

100. Rick Hickman, Fort Worth Surveying, LLC, September 6, 2011 

101. D. Lynn Snyder, Engineering Associates, Inc., September 6, 2011 

102. Dennis Keister, DK and Associates, Inc., September 6, 2011 

103. Jamie Furr, Eastern Geomatics, PaC, September 6, 2011 

104. Steven Freeman, Thompson and Associates, Inc., September 6, 2011 

105. Jason Swaim, Swaim Engineering and Surveying, September 6, 2011 

106. Dempsey Hannah, TX Professional Land Surveyor No. 5637, September 6, 2011 

107. Richard Kole, RMKOLE and Assoc. Corp., September 6, 2011 

108. Jules Toups, LA DOT and Development, September 6, 2011 

109. A. John Buri, Scott and Cox and Associates, Inc., September 6, 2011 

110. G. Dennis Qualls, Lina T. Ramey and Associates, Inc., September 6, 2011 

111. Dan Hampton, Not associated with an organization, September 6, 2011 

112. D.6. Smyth, Not associated with an organization, September 6, 2011 

113. Brian Reifschneider, Blue Ridge Surveying, Inc., September 6, 2011 

114. Mark Purdy, Shaffer, Johnston, Lichtenwalter and Assoc., September 6, 2011 

115. Raymond Redniss, Redniss and Mead, September 6, 2011 

116. Gerry Curtis, Not associated with an organization, September 6, 2011 

117. F.Q. Huffman, Land Surveyor, September 6, 2011 

118. Michael Evans, Not associated with an organization, September 6, 2011 

119. Mike Benton, Benton and Associates, September 6, 2011 

120. Jonathan Nobles, Terra Firma Land Surveying, September 6, 2011 

121. David Collins, Collins Surveying and Mapping, Inc., September 6, 2011 

122. Anthony D' Andrea, Rocco V. D' Andrea, Inc., September 6, 2011 

123. Dale Ashcraft, Not associated with an organization, September 6, 2011 

124. J.B. Davies, J.B. Davies Inc., Surveyors, September 6, 2011 

125. Rodney Walsh, Geomatic Resources, September 6, 2011 

126. Fred Thompson, Fred L. Thompson and Associates, P.C., September 6, 2011 
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127. Jay Pierson, East Coast Engineering, Inc., September 6, 2011 

128. Danny Hays, Midwest Architects and Engineers Supply, inc., September 6, 2011 

129. Edwin Wesley Parker, Not Listed, September 6, 2011 

130. Larry Sherlock, Bury and Partners, September 6, 2011 

131. Dino Lustri, D.L. Engineering, L.LC., September 6, 2011 

132. John Patton, Caltrans, September 6, 2011 

133. Patrick Scheffler, Idaho Survey Group, September 6, 2011 

134. Dean Shauers, Rooney Engineering, Inc., September 6, 2011 

135. James Ferguson, Not associated with an organization, September 6, 2011 

136. Carlos Cotton, Jones and Carter, Inc., September 6, 2011 

137. Daniel Hayhurst, City of Lewiston, September 6, 2011 

138. Stanley Morris, Not associated with an organization, September 6, 2011 

139. Richard Busher Jr., Not associated with an organization, Septembers, 2011 

140. Larry Benson, Land Surveyors of Washington, September 6, 2011 

141. Michael Macinnis, Native Survey Company, September 6, 2011 

142. Thomas Cargill, Gorrondona and Associates, Inc., September 6, 2011 

143. Bob Kilburn, Seiler Inst, Septembers, 2011 

144. Kenneth Ross, Not associated with an organization, September 6, 2011 

145. Gary Wagner, Rogers Surveying, Inc., P.S., September 6, 2011 

146. Juan Canales, Jr., Landmark Surveying, LP, September 6, 2011 

147. Ed Adams, Not associated with an organization, September 6, 2011 

148. Steven Griggs, SPG Surveying, LLC, September 6, 2011 

149. Mark Johnson, Eisenbraun and Associates, Inc., Septembers, 2011 

150. Brionne Bischke, Village of Germantown Engineering Department, September 6, 2011 

151. Mark Gottlieb, Wl DOT, Septembers, 2011 

152. Tim Martin, Survey Services, Inc., September 6, 2011 

153. Dean Woodley, Live Oak Surveying, September 6, 2011 

154. Douglas Churchill, NYSPLS NO. 040476, September 6, 2011 

155. Dennis Chalaire, TX RPLS NO. 5469, September 6, 2011 

156. Perry Thompson Jr,, Thompson and Associates, Inc,, September 6, 2011 

157. Jerry Fults, Capital Surveying Co. Inc., September 6, 2011 

158. Jerry Rugg, Not associated with an organization, September 6, 2011 

159. Rex Hackett, Ford Engineering, Inc., September 6, 2011 

160. CurtTraina, SHN Consulting Engineers and Geologists, Inc., September 6, 2011 

161. Steven Tripp, Not associated with an organization, September 6, 2011 

162. Michael Glezman, Glezman Surveying Inc., September 6, 2011 

163. Bill Tackman, Tackman Surveying, September 6, 2011 

164. Gary Van Patten, Baker City Surveyor, September 6, 2011 

165. Lucien Gassen, PLS-LA, September 6, 2011 

166. Lonny Gillespie, Professional Land Surveyor TX NO. 5261, September 6, 2011 

167. Michael Hurley, Rooney Engineering, Inc,, September 6, 2011 

168. David Simolo, Larson and Simolo Land Surveyors, September 6, 2011 
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169. Emilio Molina Jr., San Antonia River Authority, Septembers, 2011 

170. Michael McCarty Jr., Not associated with an organization, September 6, 2011 

171. Charles Benson, Not associated with an organization, September 6, 2011 

172. Jon Hoebelheinrich, JPH Land Surveying, Inc., September 6, 2011 

173. Joseph Pereira, Pereira Engineering, LLC, Septembers, 2011 

174. R. Scott McClintock, ECO-Land, LLC, Septembers, 2011 

175. Michael Wright, Not associated with an organization, September 6, 2011 

176. Michele Clark, Creekside Boundary, September 6, 2011 

177. Dave Zacharias, Not associated with an organization, September 6, 2011 

178. Jeryl Hart, X8 Environmental, Inc., September 6, 2011 

179. William Whimple, CHA, September 6, 2011 

180. Rhonda Courville, LSPS, September 6, 2011 

181. John Wiles, Not associated with an organization, September 6, 2011 

182. Jon Vollnogle, Howells and Baird, Inc., September 6, 2011 

183. Desiree Hurst, RPLS TX, September 6, 2011 

184. Perry Thompson Jr., Thompson and Associates, Inc., September 6, 2011 

185. Mark Bryant, Stanger Surveying Canton LLC, September 6, 2011 

186. Robert Church, National Museum of Surveying, September, 2011 

187. Jason Mann, Edan Engineering Corp., September 6, 2011 

188. Daniel Powers, Not associated with an organization, September 6, 2011 

189. Katie Templeton, Charlotte DOT, September 6, 2011 

190. Jeremy Kowis, CenterPoint Energy, September 6, 2011 

191. John DiCarlo, DiCarlo Precision Instrument, Inc., September 6, 2011 

192. Clark Stoner, CFS Engineering, Septembers, 2011 

193. Karl DeKing, Haywood County, NC Information Technology Department, September 6, 2011 

194. Jeff Ostertag, Ostertag Land Surveying, P.S., September 6, 2011 

195. Dan Elzinga, Prein and Newhof, September 6, 2011 

196. David Cook, Tri State Surveying, Ltd., Septembers, 2011 

197. August Glass, Fisher, Collins and Carter, Inc., September 6, 2011 

198. Timothy Bowes, BBM Associates, Inc., September 6, 2011 

199. Dan Pleoger, Sawyer County Surveyor, September 6, 2011 

200. Ruth Aslanis, City of Ithaca GIS Administrator, September 6, 2011 

201. Frank Lehmann, Lehmann and Assoc. Consulting, September 6, 2011 

202. Gary Hudson, Hudson Surveying, Inc., September 6, 2011 

203. W R Lambert, Lambert Surveying Inc., September 6, 2011 

204. Theodore Luck, Luck Brothers Inc., September 6, 2011 

205. Patrick Simon, Baltimore County Government-Land Survey Division, September 6, 2011 

206. Dave Horsburgh, Baird, Hampton and Brown, Inc., September 6, 2011 

207. Paul Hoebelheinrich, Not associated with an organization, September 6, 2011 

208. R. Larry Greene, R.L Greene Surveying and Mapping, P.A., September 6, 2011 

209. Chuck Gardiner, Not associated with an organization, September 6, 2011 

210. Pat Donahue, K.E. McCartney and Associates, Inc., September 6, 2011 
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211. Robert Marlowe, TETRA, September 6, 2011 

212. John Hoy, John R. Hoy and Associates, Inc., September 6, 2011 

213. Mike Hassett, Myers and Associates, P.C., September 6, 2011 

214. Brian McCartney, K.E. McCartney and Associates, Inc., September 6, 2011 

215. Jeff Rierson, Not associated with an organization, September 6, 2011 

216. Sam Hanna, Surveying and Mapping, Inc., September 6, 2011 

217. Michael Wood, TX RPLS NO. 5974, September 6, 2011 

218. Richard Taylor, Not associated with an organization, September 6, 2011 

219. Kevin Miller, Maoris, Hendricks, and Glascock, P.A., September 6, 2011 

220. J.T. Lebherz, Daft McCune Walker Inc., September 6, 2011 

221. Neil Eppig, MD Professional Land Surveyor #21210, September 6, 2011 

222. John McIntosh III, McIntosh and McIntosh, P.C., September 6, 2011 

223. Jeffrey Hays, Land Survey Tech, September 6, 2011 

224. Rick Foxworthy, ESM Consulting Engineers, LLC, September 6, 2011 

225. Aaron Thomason, Carlson, Brigance and Doering, inc., September 6, 2011 

226. Ed Kelly, Morris and Ritchie Associates, Inc., September 6, 2011 

227. Gregg Bell, Not associated with an organization, September 6, 2011 

228. Stephen Sehnert, Applied Earth Technologies, September 6, 2011 

229. Andrew Siegfried, Rooney Engineering, inc., September 6, 2011 

230. MarkJoselyn, Not associated with an organization, September 6, 2011 

231. Budd Buchanan, Pape Dawson Engineers, inc., September 6, 2011 

232. Peter Gallerizzo, Civil Design Systems, September 6, 2011 

233. Michael Burcham, McCrone, September, 2011 

234. Chad Gormly, Gormly Surveying, September 6, 2011 

235. Tom Flaherty, Paceco Koch, Septembers, 2011 

236. Matt Qualls, GISP, September 6, 2011 

237. Dianne Enright, NC DHHS, Division of Public Health, September 6, 2011 

238. Charles Madler, Not associated with an organization, September 8, 2011 

239. Jack R. Booda, West Virginia Society of Professional Surveyors, September 7, 2011 

240. Robert Allison, Professional Surveyors of Ohio, September 8, 2011 

241. Anelis Y. Acosta, Not associated with an organization, September 8, 2011 

242. Melvin F Bautista, Navaj'o Tribal Utility Authority, September 7, 2011 

243. Samir G. Hanna, Not associated with an organization, September 8, 2011 

244. Carl R. Clinton, Clackamas County Surveyor, September 8, 2011 

245. Aaron Springer, Abonmarche, September 8, 2011 

246. Timothy J. Wotzka, Itasca County Land Surveyor, September 8, 2011 

247. Jerry Simmons, Pender County, September 8, 2011 

248. Barry Hoyle, Professional Surveyor MD, September 8, 2011 

249. Matt Murray, Murray Surveying, Inc., Septembers, 2011 

250. David B. Pemberton, Sathre-Bergquist , Inc., September 8, 2011 

251. Michael T. Maguire, Al Data, September 7, 2011 

252. Eric Fuller, Not associated with an organization, September 8, 2011 
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253. Mark S. Evans, Not associated with an organization, September 7, 2011 

254. Casey Jordan, Not associated with an organization, Septembers, 2011 

255. Christopher R. Freeman, Not associated with an organization, September 8, 2011 

256. Connor G Brown, Goodwin-Lasiter, Inc., September 8, 2011 

257. Zachary S Rapp, Sydney A. Rapp Land Surveying, P.C., Septembers, 2011 

258. Michael Mackay, Mackay Engineering & Surveying Company, September 6, 2011 

259. David S. Landecker, Crow Wing County, MN Land Services Dept., September 6, 2011 

260. Justin T. Lahman, AXIS GeoSpatial Companies, September 8, 2011 

261. Pat & Linda Presley, Not associated with an organization, September 8, 2011 

262. Daniel T. Spence, Fisher Associates, September 8, 2011 

263. Wendy S. (Parsons) Fuller, LSG Engineers & Surveyors, Inc., September 8, 2011 

264. Michael Heberlein, Not associated with an organization, September 8, 2011 

265. Michael LaFontaine, Not associated with an organization, September 8, 2011 

266. James I. Jeffreys, Not associated with an organization, September 8, 2011 

267. James E. Mortensen, Not associated with an organization, September 7, 2011 

268. Leonard F. Carlson, Sunde Land Surveying, LLC., Septembers, 2011 

269. Rob Migliore, Westcott and Mapes, Inc., September 8, 2011 

270. Andrew Giometti, Weiler Associates Land Surveyors, September 7, 2011 

271. Brian Lieberg, Wightman 8i Associates, Inc., September 7, 2011 

272. Michael C. Clamer, Not associated with an organization, Septembers, 2011 

273. Jim Williams, Williams Surveying Company, September 8, 2011 

274. Douglas Ow Yang, Not associated with an organization, September 6, 2011 

275. Paul E. Goebel, Not associated with an organization, September 8, 2011 

276. Stephen J Langlinais, Langiinais& Associates, Septembers, 2011 

277. John Abruzzo, Not associated with an organization, September 8, 2011 

278. Donald W. Klinzing, Not associated with an organization, September 8, 2011 

279. Kenneth R. Dirksen, Dirksen Engineering, September 8, 2011 

280. Michael Daly, Arrow Engineering, September 6, 2011 

281. David A. Crivelli, Points West Surveyors Co, September 8, 2011 

282. Paul T. Carey, Medina Valley Surveyors, Inc., September 7, 2011 

283. Clinton L. Kanak, Soiis-Kanak & Associates, Inc., September 8, 2011 

284. Stephen Johnson, Not affiliated with an organization, September 8, 2011 

285. Bradley Luken, Not affiliated with an organization, September 8, 2011 

286. Paul R. Herold, HRS/Herold-Reicks Surveying, September 6, 2011 

287. Ovilee F. Dancy Jr., Not affiliated with an organization, September 8, 2011 

288. Jack A. Walker, Not affiliated with an organization, September 6, 2011 

289. Mark S. Weitz, Not affiliated with an organization, September 8, 2011 

290. John B. Bridgers, Polk County Tax Accessor, September 8, 2011 

291. Daryl D. Northup, Not affiliated with an organization, September 7, 2011 

292. Peggy Werkheiser, Not affiliated with an organization, September 8, 2011 

293. Harold E. Nelson, Maine DoT, September 7, 2011 

294. Fletcher Koos, Not associated with an organization, September 8, 2011 
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295. John H. Schulte IV & Steven J. Thompson, Jones, Haugh & Smith Inc., September 8, 2011 

296. Joseph C. Baker, Not associated with an organization, September 8, 2011 

297. Brian Seavey, Not associated with an organization, September?, 2011 

298. Ken Holmbeck, Sherburne County Government Center, September 7, 2011 

299. Susan E. Newsletter, Eastern Oregon Professional Services, Inc., September 8, 2011 

300. C. M. Hanson, Not associated with an organization, September 8, 2011 

301. Brent Clough, Not associated with an organization, September 8, 2011 

302. William T. Avery, Not associated with an organization, Septembers, 2011 

303. Robert M. Lampman, Not associated with an organization, September 8, 2011 

304. Anthony J. Gromacki, M Squared Engineering, EEC., September 7, 2011 

305. Steven Newell, OH Surveyor NO. 7212, September 8, 2011 

306. Kenneth Strom, Thompson-Eiston Associates, Inc., September 7, 2011 

307. Jonathan Anderson, Meadowland Surveying, Inc., September 7, 2011 

308. David Bodo, David Bodo and Associates, Inc., September 8, 2011 

309. Anthony Spillane, Not associated with an organization, September 7, 2011 

310. Stephen Dyer, Fieldstone Survey Services, September 7, 2011 

311. John Anthony, MA DOT, September?, 2011 

312. Joseph Bova, OR Land Surveyor, September 7, 2011 

313. Thomas Staudt, Staudt Surveying, September?, 2011 

314. Emily Holmberg, Holmberg and Howe, Inc., September 7, 2011 

315. Anthony Lulloff, Aerometric, September?, 2011 

316. Steven Whitten, MD Land Surveyor, September?, 2011 

317. Danny Kaser, Beaver Excavating Company, September 7, 2011 

318. Heidi Swindell, Summit County Engineer, September 7, 2011 

319. Stacy Little, TX Land Surveyor, September?, 2011 

320. Edwin Berniard, Not associated with an organization, September 7, 2011 

321. Lee Mandell, NC Geographic Information Coordination Council, September 7, 2011 

322. Amil Baker, Not associated with an organization, September 7, 2011 

323. Doug Howell, His Consultants, Inc., September 7, 2011 

324. Michael Quartaroli, Quartaroli and Associates, September 7, 2011 

325. Garrett Moore, Not associated with an organization, September 7, 2011 

326. David Jensen, Not associated with an organization, September 7, 2011 

327. Coy Chapman, Epoch Land Surveying, September 7, 2011 

328. John Bennett, Not associated with an organization, September 7, 2011 

329. Daniel Paulson, Paulson and Associates, LLC, September 7, 2011 

330. Edward Riley II, Not associated with an organization, September?, 2011 

331. Thomas Frazier, Not associated with an organization, September 7, 2011 

332. Joyce Fiacoo, Dodge County Land Resources and Parks Department, September 7, 2011 

333. Ernest Borchardt, Dodge County Land Resources and Parks Department, September 7, 2011 

334. Ken Neumann, Dodge County Land Resources and Parks Department, September 7, 2011 

335. Howard Kriewalk, Dodge County Land Resources and Parks Department, September?, 2011 

336. Del Guenther, Dodge County Land Resources and Parks Department, September 7, 2011 
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337. Harold Johnson, Dodge County Land Resources and Parks Department, September 7, 2011 

338. James Bernardo, James Bernardo Land Surveying, LLC, September 7, 2011 

339. Nick Jones, Not associated with an organization, September 7, 2011 

340. Name not legible. Not associated with an organization, September 8, 2011 

341. No Name, Not associated with an organization, September 8, 2011 

342. No Name, Not associated with an organization, September 8, 2011 

343. No Name, Not associated with an organization, September 8, 2011 

344. Name not legible. Not associated with an organization, Septembers, 2011 

345. Name not legible. Not associated with an organization, September 8, 2011 
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Letter to Hon. Ralph M. Hall, Chairman, 

U.S. House Committee on Science, Space, and Technology, 
FROM Mr. Malcolm D. Jackson, Assistant Administrator and 
Chief Information Officer, U.S. Environmental Protection Agency 






UNITED STATES ENVIRONMENTAL PROTECTIOM AGENCY 
WASHINGTON, D.C. 20460 


SEP 2 3 2011 


OFFICE OF 

ENVIRONMENTAL INFORMATIOhJ- 


The Honorable Ralph M. Hall 
Chaiiman 

Committee on Science, Space, and Technology 
L^S. House of Represenlaliyes . 

Washington, DC 205io-63.01 

bear Mi. Chainiian: 

Thank yon for your letter dated July 28, 20 U, regarding the Envir onm ental Proteciioii Agency’s (BPA) 
assessment of die potential impacts on the Global Positioning System (GPS) that are anticipated &oni 
the proposed spectrum licensing to LightSquared Subsidiary LLC (Li^tSquared). While the EPA has 
been engaged in discussions on this important topic vtidi oier agencies throng its leadership role on 
the interagency Federal Geogr^hic Data Committee, the Agency has not prepared an impact assessment 
on this particular issue. 


It is our understanding that other Departmeiits and inter-agency consortia have developed formal 
assessments detailing their concerns on-potential negative impacts on the peafoimance of GPS devices in 
the event that the use of adjacent spectrum by LightSquared may cause. The EPA expects that the 
assessments developed by other Departments repr^ent our best interests and provide an accurate 
depiction of federal-wide concerns about die issuance of the LightSquared spectrum license. 

Again, thank you for your letter. If you have furdier questions, please contact me or your staff may caE 
Monica Liimebrink in EPA’s Office of Congressional and Intergovernmental Relations at 202-564-6407. 


Sincerely, 



Mdeohn D. Jacks© 

Assistant Administra^ 
and. Chief Mbrmatiou- Officer,- 
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Letter to Hon. Ralph M. Hall, Chairman, 

U.S. House Committee on Science, Space, and Technology, 
FROM Mr. Michael W. Locatis III, Chief Information Officer, 
U.S. Department of Energy 



Department of Energy 

Washington, DC2G585 
August 1 , 20 1 1 


The Honorabie Ralph M. Hall 
Chaiiman, Comrnittec on Science, 

Space and Technology 
U.S. House of Representatives 
Washington, DC 205 1 5 

Dear Chairman Hall: 

I am responding on behalf of the Department of Energy (DOE) to your July 28, 2011 
request for an impact assessment on the impacts of Li^xSquared Subsidiaiy- LLC’s 
ppoposa.1 to utilize the 1525-1559 MHx band of spectrum on federal science activities 
related to tiie Global Positionii^ System (GPS). At this time, DOE has not been asked to 
conduct such an assessment, and has not done so. Please let us know if you have any 
further questions. 


Sincerely, 

Michael W. Locatis III 
Chief Information Officer 


cc: Tlie Honorable Eddie Bernice Johnson 

Ranking M^ber 



Letter to Hon. Ralph M. Hall, Chairman, 

U.S. House Committee on Science, Space, and Technology, 
FROM Mr. Subra Suresh, Director, National Science Foundation 


NATIONAL SCIENCE FOUNDATION 

4201 WILSON BOULEVARD 
ARLINGTON, VIRGINIA 22230 



OFFICE OF THE 
DIRECTOR 


The Honorable Ralph. Hah 
Chairman. 

Committee on Science, Space, and Technology 
United States House of Representatives 
Washington, D.C. 20515-6015 

Dear Chairman Hall: 

Thank you for your letter of July 28, 2011, regarding the Li^tSquaied Subsidiary LLC s 
proposal to utilize the 1525-1559 MHz band of spectrum, and seeking any 
corresnondence the National Science Foimdation has had with, the National 
Telecommunications and Information Administratioii (NTIA) regarding the issue. 

The Foundation has not provided any assessment to die NTIA on this issue, so I have 
nothing to provide to the Committee. However, my staff has been in contact with yours 
regarding the upcoming hearing and have spoken regarding the impact the LightSquared 
proposal may have on NSF sponsored research. 

Please let me know if you need anything additional. 


Sincerely, 



199 


Letter to Me. Larry Strickling, 
Assistant Secretary of Commerce, 

U.S. Department of Commerce, from NASA 
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has responded to NUA’s satisfectioB, that there is a defendabie business case on the “low- 
1 0.** In pasticular, we belies that further of the Low 1 0 option should be j^edicated cm 

an acc^table end state being appropmteiy articulated. 

Appreciate your sxJistniued suj^ort on this impcrrtaiit issue. 


Sinc^iye 


Badri A. Yonnd 
Deputy Affiociate Adminisfarator 
for Space Cormnuiiicaricas & 'Navigarion 


Enclosure 
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NASA R^poBse to June 30 Tecfanical Worfcmg Group (TWG) Report and 

Liglt^qiiared’a Recommendations 


NASA Views on the tWG Report 

Bactootindt NASA participated m and led the work of die Space-based Receiver (SBR) sab- 
^oiip csf the TWG and perticipaled in the wo± of die Hi^ Precision Receiver ITOR) sub- 
group. Testing was conducted at Jet Propulsion Laboraloiy JPL for the NASA SBRs and 
HPRs (two of each ^e). Analyss of the test results for SBI^ and HPEs was done at GRC. 

NASA worked with LSQ and other TWG members on both test and aaialysis eSbSS. It 

should be noted that none of the testing for SBRs or HPRs could be done at power levels 
either permittsd by FCC rales (42 dBW} or planned for Ihe Li^tSqDarsd (LSQ) network (32 
dBW), and so there may additional mterferencs effects that have not been discovered 

Iferough testing. 

NASA Comments, on file TWG Report for foe SBRs: The currest generation of SBR (IGOR) 
and next generation SBR (IriG) both suffer^ significant degradation fean the Hiase lA LSQ 

channel ccaifiguration (two 5 MHz channels) considered in tire TWG. LSQ did not disagr^ 

with the test and anMytica! results. Ai LSQ’s request, JPL held informal discussons witii a 

filter manufoctorer (!^lta MiCTowave) regarding possible filtermg- of the SBR fiont end to 

mitigate the LSQ iuterferenoe. Actual filters were not available for testing, but data sheets 
ifeom the manufecteer were examined and found to present excessve performance 
degradations to NASA*s receivers even if tbs filters could be bitih to the data sb^ 
^ecificatiotis. 

NASA Comments on LSQ Low 10 MHz Ihoposal in the TWG Report: The proposal fiom 

LSQ to use jiKt the Iowk" 1 0 MEfc ctanel configuration (1526-1 536 MHz) came vury late in 

the process. Despite tiiis, JPL was able to do sokk limited testing oa the Low 10 proposal 

with resf^ct to SBRs test^ earlier in the TWG process. NASA shared tiie results with the 
TWG and LSQ. 

Ccmoeois wifo the TWG Recort on SBRs: The of the Low 10 option as a mitigation 

technique was not discussed to a great extent in foe TWG with regard to SBRs. Because of 
FACA restrictions, NASA did not siegoliate with LSQ on the fi n al language of tiie Report. 
Use of the Low 10 option, based on lindted testing we did, ^rf^ared to benefit foe IGOR 
substanially . However, interference would still significantly intact the TriG even if just tiie 
lower 1 0 MHz <diannel was used. NASA disagrees with the assertion by LSQ that filtaing is 
possible for the TriG as tiiere is no evidence fo^ we have seen, in foe TWG or elsewhere, foat 
filtering of the TriG reedver Is possible withcjut significant perfoimance d^radati^n. 
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Concerns \vith fee TWG Report oa HPI^: hi general, NASA agrees wi^ fte OPS 
coinmtiQ^’s assessineut dsat HPSs -wfll hs harm&lly interfered with by all chaime! 
coi^giiralioiis of the LSQ networfc, inclndmg Sk use of just the Low 10 MHz option. Hiere 

are no known filtermg options av^aMe tfmt -worsld roidgate the inteiference from fee LSQ ' 

network without sagnifrcant receive perfomiance de^sdadoiL 


NASA Views LightSqaared’s Recommendations ^Low 10 Mffie Proposa^: 

NASA does not agree t!:^ die use of ibs Low 10 Mife chaimel configination resolves the 
inmiference Ksue between LSQ and GPS. Among 'die reasons why we believe ti^ Low 10 
proposal is unworirabie are: 

> Precision and neKt-gsneradon Space-basal seoeivas {e.g. mdd-GNSS signal receives) 

would suf^ haimM intecfesence even If only ihs lower 10 MHz channel were used and frieTe 

are no known filtering options that would aUeviate the irdaferenoe tc an acceptable degree 

wttbouC negatively a^ctiag the per&naaace and accuracy of the receiver^; 

> ft IS only ■temporary . . .LSQ bsK i^ieatedly stated diey need access to all of 1he MSS L-tend 
spesrfrum and, according re dEscossions LSQ had wife Mr. Porcari of DoT, they will need fee 

to MHz cliarmei in fee 2013-2014 time frame to have a viable 4G LIE network; 

> The fact that even LSQ agrees feat not all GPS operadons are protected by fee Low 10 option, 
including NASA*s hi^ precision scien^ uses. Pursmt offers cpdon divides the GPS nsem 
into wiBne^ and los^ and puts at particular risk fee Mgh precirion uses that are among fee 
raost beneficial to tite Nation in tenns of productivity and efficiency gains {e.g^ agricultora, 
coi^lmction, weather ferecsasts, earfequ^ studies, etc...). 

Summary' and Recommendationt 

Since it is well-established that LSQ intends needs to operate cm the upper 1 G MHz of the L- 
band after some internn period, ai^ ^ce it is also weK-®tebIished that such of fee upper 

10 MHz chfcmel w’ill have calastrcphic ne^tive remiits far GPS rec^fron, fee use of the Low 
1 0 qDtion is only a. stq? in a known bad direction. NASA believes a possible solution is to 


^ Note fear the view from LightSquared that only high precisioo receivers feat receive differentiat corrections via 
MSS sateiKte downlinks are adversely aSected by fee lOLowoptkm isnotcorreca. TheTVr^G Report has evident^ 
to the contrary and in feet reception of MSS augmentation signals is just one factor in why hi^ precision receivers 
have wide front ends. Other fectors cited in the TWO report include rec^'on of KhTOS sisals from multiple 
GNSS constellations, and afl s^ais ger«5rated by feosc constcl ladons, and, according to fee TWG SejsHt, high 
predsion receivers . .nortnafiy have widie band front ends desigr^ to captore all satellite signal characteristic, 
and they leb? on msasurenients of fee csrrier phase of these signals fox fee highest accuracy levels’*. Moreover, 
^eliraiaaiy testing conducted ^ JH. fcrtwo r^resentative high precision rKsivers on the IG Low option showed 
that one of the two high precision receivers nro^ls NASA irees, for example in fee IGS, and feat do not receive 
carrections via MSS netwoife, -wtll still suiBa- significant interference. 
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alternative spectnrm^, Inchidlng in spectnun holdings LSQ already has. In ■which to 
ccddncT LSQ^s planned terrestrial operations and that high power t^restrial operations shonld 
not be permitted in the 1525-1559 MHz band. Tne extenave testing conducted in the TVG 
and NPEF has now dcmoa^rated beyond reasonable doubt t!ia£ even limited use by such high 
power terrestrial -wireless operatiom can have <tevastati::^ negative consequences for GPS 
users. 


^ One band that LSQ has floated In discussions with DcT was using portions of the 1-435-1525 MHz band 
used in the U.S. for Aeronautical Pobite Telemetry (AMT). However, as evidsiced by the recent actions 
^ WRC-G7 in ge^ng significant acJditional spectaim fer AMT, e^tisting AMT spec^um fe heavily crowded 
aid previous studies in the ITU showed that co-coverage, co-frequengy operations between even low 
powered MSS cl<3Wn!inks and are mc^mpatlble. FCC has to taite action on snplemenfing Uie 
WRC-OT results. 
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Federal Aviation Administration: 
LightSquared Impact to Aviation: FAA Perspective: 
PowerPoint Presentation to U.S. House Committee on 
Science, Space, and Technology 
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Letter to Mr. Karl B. Nebbia, Associate Administrator, 
National Telecommunications and Information Administration, 
FROM Mr. Joel Szabat, Deputy Assistant Secretary for 
Transportation Policy, U.S. Department of Transportation 


© 

_ DepuiyAsSsert Secretary 1200 New Jersey Avenue, S.E. 

U.S. Deparnnent rtir Transportation Policy Washington, D.C. 20590 

of Transportation 
Office of the Secretary 
of Transportation 


July 21, 2011 


Mr.KarlB. Nebbia 
Associate Administrator 

National Telcommunications and Infonnatioii Adirrinstratioii 
1401 Constitution Ave.jNW 
Washington, DC 20230 


Dear MarTtlebbia: 


As requested by the National Space-Based Positioning, Navigation and Timing (PNT^ Executive 
Committee on May 11, 2011, the United States Department of Transportation (DOT) has 
performed an, operational, economic, and public safety irrqiact assessment of the original 
LightSquared Concept of Operations (dual 10 MHz channels). 


Current and future benefits of GPS provided by DOT’S use of GPS-based ai^lications ware 
identified, as well as sunk costs in GPS-based infrastructure. Finally, the risks from 
LigJitSquared’s signals to DOT’S GPS-based mission capability were a^ssed for aviation, 
surface, and maritime users that incorpor^e precision GPS as a fundamental aspect of thdr 
operation as described below. 


Aviation 

GPS currently provides at least $200 million in efBciency benefits for aviation each year. More 
importantly, GPS safety enhancements are ^pected to prevent the loss of approximately 800 
lives over the next 10 years, with an estimated public s^ety benefit of about $5 billion- GPS is 
also an essential building block in the ongoing deployment of the Next Generation Air 
Transportation System (NextGen), that bmlds t^on current GPS based capabilities. The Federal 
Aviation Administration (FAA) estimates the cumulative benefits of N^tGcnto be $23 billion 
throng 201 8; and by 203 0, the cumulative benefits grow to S 1 23 billion and reduce CO 2 
emissions by 64 million tons. 

These results likely underestimate the National economic benefits of GPS aviation use to the 
overall U.S. economy, since tiiey do not include the productivity gains enabled by accelerated 
cargo delivery; nor the benefits provided to the operators of thousands of military and other 
public use aircraft used for homeland security, law enforcement, medical ^ergency and otiier 
applications. 
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The effects of Lights quared deployment would be far-reaching and potentially devastating to 
aviation. If LightSquared deploys as planned, all current GPS efficiency and safety benefits 
would be lost, or at least severely reduced, until all aircraft operating in U.S. airspace could be 
retrofitted over a period of 1 0 and possibly up to 1 5 years. 

The LightSquared proposal would severely impact NextGen, which relies heavily on GPS-baaed 
technologies. In the next ten years, it would result in an estiinated impact to fire aviation 
community of at least $70 billion and an additional 3 0 milli on tons of CO 2 . The FAA and civil 
aviation community would he facmg an investment loss of $6 to $7 biUion in GPS-based 
infirastmcture and equipment invested' throu^ FY 201 1 . 

If LightSquared deploys as currently proposed, the NextGen investments would need to be 
replarmed and most corresponding benefits wotild be delayed by qjproximately 10 years. 
Planned NextGen investments fium 2012 through 2018 that would need to be replanned total 
approximately $17 billion. 

Rail 

Positive Train Control (PTC) systems serve to prevent train-to-train collisions, overspeed train 
derailments, incursions into roadv/ay work zones, and accidents caused by railroad switches left 
in an incorrect position. AH PTC systems require some form of transmission of PNT ■ 
information. In 2009, the Federal ^ihoad Administration (FRA) estimated that the safety 
benefits of PTC system implementation cotild total more than $673 million over twenty years. 

Freight railroads have begun to use the GPS data regarding train position and movement to 
enhance operational efficiency. Preliminary FRA estimates suggest fhat railroads could lose 
productivity gains (most of which accrae to society at large) of up to $29 billion over 20' years. 

The FRA estimates that the sunk cost in PTC systems that rely on GPS is over one billion 
dollars, and that railroads plan an additional $4.3 billion by December 3 1, 201 5 in GPS-based 
PTC systems to ineet the Rail Safety Improvement Act (RSIA) congressional mandate. FRA 
believes that automated and manual track safety systems that rely on GPS represent a sunk cost 
of over one billion dollars, counting not only the cost of the GPS location information system, 
but the total cost of the track inspection systems on the same vdiioles. Further, ERA has spent 
$65 Million on its Automatic Track Inspection Program (ATIP). FRA owns five ATIP vehicles, 
which use GPS to record the location of track perturbations, including violations, defects and 
anomalies. 

Since the least costly version of PTC uses GPS for transmitting location information, were GPS 
degraded or completely unavailable, most railroads would have to switch to the transponder- 
based technology such as that used for the Advanced Civil Speed Enforcement System (ACSES) 
PTC system currently in place on the Northeast Corridor. ERA estimates fhat such raihoads 
required to implement a transponder-based PTC system in lieu of a GPS-based system would 
face increased costs of up to $25 billion over 20 years. 
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Maritime 


The Maritime Administration (MAEAD) manages the Ready Reserve Fleet (RRF) which carry 
the same GPS-based equipment as commercial vessels, and follow U.S. Coast Guard standards 
for vessel inspection and equipment carriage. In addition to GPS receivers which display 
constant latitude and longitude positions, there are several integrated ship systems that 
incorporate the GPS signal as an integral component of the system. These systems and 
equipment include the Global Maritime Distress and Safety System (GMDSS), Electronic Chart 
Display and Information System (ECDIS), Radar/ARPA Displays, Ship Steering Systems 
Utilizing GPS Waypoints, Ship Security Alert System (SSAS), Emergency Position Indicating 
Radio Beacon (EPIRB), Automatic Identification System (AIS) as well as INMARSAT or Fleet 
Broadband tenninals. 

The Saint Lawrence Seaway Development Corporation (SLSDC) uses GPS-based AIS to send 
vital information such as r^-time ship identification, position, heading, and speed to the three 
Vessel Traffic Control Centers within the St Lawrence Seaway system. GPS-based AIS has 
greatly enhanced the safety and efficiency of the waterway and has improved Great Lakes 
Seaway System maritime security. 

A conservative estimate provided by MARAD for all GPS-related equipment that is required to 
be on a vessel greater than 300 gross tons is SIOOK. Including the vessels in the RRF with the 
U.S. commercial and coastal fleet, fliis approaches half a billion dollars for currently installed 
GPS-related marine equipment. The half-bilHon dollar mark would be far exceeded if all the 
inland commercial vessels that are less than 300 gross tons but stiU carry GPS receivers or other 
GPS related marine equipment were included. 

The dollar value on potential contributory ship groundings, collisions and allusions conld run 
into tens of billions of dollars in hull, cargo and oil pollution costs not to mention injuries and 
loss of life as well as economic losses to ports and corporations negatively impacted by a related 
incident. Any interference or degradation of the GPS signal throiigh LightSquared utilization of 
interfering frequency bands is unacceptable due to potential safety, environmental and economic 
consequences. Likewise, the retrofit of GPS marine equipment with filters or other fixes is not 
practical fiom a deployment or an economic perspective. 

Road 

There are many applications of GPS for luad applications including driver route guidance, fleet ■ 
management tracking systems, and drayage track operations management in and out of our 
Nation’s major ports. GPS also is used heavily at the state DOT level for traffic data and road 
asset inventory collection, traffic signal timing, work zone site management, etc. 

From a safety benefits standpoint. Advanced Vehicle-to-Vehicie {y2V) and Vehicle-to- 
Infiastructure (V2I) communications-based collision warnings and crash avoidance technologies 
are seal as the next technological leap in improving highway safety. The Intelligent 
Transportation System (US) (IPO) has invested several hundred million dollars over the 
course of many years in safety-based research that requires GPS positioning to be 



222 


effective. Therefore any loss of GPS would prevent the effectiveness of the solutions and 
jeopardize the considerable research investment made by both the federal government and the 
major automotive indushy in connected vehicle safety research. Going forward, DOT is 
planning to invest approximately another $ 1 00 million in the V2V and V2I related research that 
Utilizes GPS positioning, 

A degradation or loss of GPS will prevent the successful operation of V2V and V2I applications, 
and thereby eliminate the foture benefits associated with V2V and V2I safety applications in 
terms of the lost opportunity to reduce crashes, injuries, and fetalities. Therefore, the 
transportation industry involved with GPS devices has expressed conoOTi about a loss of 
opsations. If GPS were lost or degraded, millions of devices used for mobility purposes would 
be impacted. Sigmficant tran^ortation benefits such as decreased travel times, fuel savings, and 
corresponding environmental benefits based on enhanced efficiency fiom GPS would most ^elv 
be lost. , . 

NDGPS 

The Nationwide Differential GPS System (NDGPS) is an enabling technology, providing a 
highly reliable GPS integrity fimction to meet the growing public and private sector reliance for 
transportation, agricultural, environmental, natural resource management, surveying, weather 
forecasting and other applications. The DOT-fimded (inland or terrestrial) NDGPS°sites 
represent $71 .8M in direct DOT funding for GPS-bas^ infrastructure (FY 1998 - FY 201 1). An 
additional $25M in funding has been provided state and local partners for specific site 
development for a total investment of approximately S97.0M. 

Based on the reports of the National Space-Based PNT Systems Engineeriug Forum (NPEF) 
which was tasked to assess the GPS impacts of li^tSquared's deployment plan, and the GPS 
Technical Working Group (TWG), NDGPS would be unable to operate if LightSquared 
operations were allowed to proceed as planned. 

In conclusion, this assessment has demonstrated significant operational and safety impacts that 
likely would result in the loss of life and an economic to tranqiortation applications of over $100 
billion doUais. More detailed information covering each mode of transportation in the attached 
appendices. 

Please contact me if you have any questions regarding this assessment. 


Sincerely, 



cc: 

Anthony Russo, Director, National Space-Based PNT Coordination Office 
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Appendix A 

LightSqaared Impact to Aviation Operations 
Input Provided by Federal Aviation Administration 

Executive SirniTnarv 

As requested by the Space-Based Positioning Navigation and Timing (PNT) Executive 
Cominittee, the Federal Aviation Administration (FAA) has assessed die impacts of 
LightSquared‘s planned deployment on FAA infirastmcture and the aviation community. This 
paper addresses specific questions asked by the PNT NCO. 

LightSquared’s June 30, 201 1 proposal includes: use the lower lOMHz channel starting in 2012; 
operate at “reduced” power, and agree to a “standstill” in terrestrial use of the upper 10 MHz 
channel. LigJitSquared would begin full use of both bands in 2014. 

• LightSquared’s initial operations at the lower 10 MHz channel even at ‘^educed” power 
levels would impact the aviation use of high-precision GPS receivers. 

• We estimate it would take 10 years to design, develop, certify and install modified 
equipment in the civil aviation fleet. 

• LightSquared’s planned operations would result in the loss of GPS-enabled operational, 
economic, and public safety benefits across the National Airspace System. 

• The FAA would be compelled to return to dependency on ground-based navigation aids. 

9 Billions of dollars in existing-FAA and GPS user investments would be lost. 

• The FAA would also need to replan Next Generation Air Transportation System 
(NextGen) investments, which would result in additional development costs and delays. 

The LightSquared proposal would severely impact NextGen, which relies heavily on GPS-based 
technologies. In the next ten years, it would result in an estimated impact to the aviation 
community of at least $70‘billion and an additional 30 million tons of CO 2 for the following 
reasons: 

• Loss ofbOTefits from delayed NextGen technologies and procedures 

• Loss of existing GPS efficiency benefits. 

• Loss of existing GPS safety benefits 

• Aircraft retrofit costs 

A final consideration is the expected international impact of the proposal. The President’s 201 0 
National Space Policy for the United States of America states that the U.S. must maintain its 
leadership in the service, provision, and use of global navigation satellite systems. We believe 
this proposal could adversely affect U.S. international leadership in aviation. Air carriers and 
other users could lose confidence in GPS, despite Presidential commitments to the International 
Civil Aviation Organization on its continued safety and availability. The international market for 
U.S. satellite navigation technology could be damaged. Demand for non-U.S. systems such as 
Russia’s GLONASS in lieu of GPS, could be stimulated. 

A-1 
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1. Summarize and quantify current and future benefits provided by use of GPS-based 
applications and any cost-benefit analyses. 

The FAA conservatively estimates that GPS currently provides at least $200 milKo,, m efEciency 
benefits each year. More importantly, GPS safety enhancements are expected to prevent the loss 
of approximately 800 lives over the next 10 years, with an estimated public safety benefit of 
about $5 bmiou. GPS is also an essential buildiug block in the ongoing deployment of NextGen 
that builds upon current GPS based capabilities. The FAA estimates the cumulative benefits of 
NextGen to be $23 billion throng 2018; and by 2030, the cumulative benefits grow to $123 
billion and reduce COz emissions by 64 million tons. These results likely underestimate the 
National economic benefits of aviation GPS use to the overall U.S. economy, since they do'not 
include the productivity gains enabled by accelerated cargo delivery; nor the benefits provided to 
the operators of thousands of military and other public use aircraft used for homeland security, 
law enforcement, medical emergency and other applications. 

NextGen is the transformatiDn of the radar-based air traffic control system of today to a satellite- 
based system of the future. This transformation is essential to safely accommodate the growing 
number of people who fly in tbe United States. NextGen implementation makes use of GPS to 
provide precise and dependable navigation and to support required navigation performance 
(RNP) airspace and procedures that allow more aircraft to operate safely in a given volume of 
air^ace. 

GPS is also an indispensable tool in the daily operation of onr Nation’ s air transportation system 
that enhances the safety and efficiency of over 35,000 instrument flints per day and an 
indeterminate number of visual flints. Current GPS aviation benefits include precise 
positiOMg and navigation that is used for thousanxis of instrument approach procedures 
providing vertical guidance. GPS enables the wide^read use of area navigation procedures 
which provide more direct routes and improve the flexibility of operations and procedure design 
tiiereby reducing delays and improve capacity. 

There are three major aviation safety risks fliat are mitigated through the use of GPS: Approach . 
and landing accidents, controlled fli^t into terrain (CFIT), and runway incursions. 

The frequency of approach and landing accidents has decreased steadily siace the FAA’s 
predecessor agencies first began to introduce early instrument landing systems (ILS). As 
recently as the 1990s, how'ever, this was still a relatively common accident scenario, with nine 
such accidents to U.S. air carrier aircraft in that decade, four of which were fetal accidents. 

Since 1999, U.S, carriers have had just two such acddents in U.S. airspace and at least one of 
those was not GPS-equipped. In addition, key precursors to these types of accidents, such as 
unstable approaches, have decreased in recent years. GPS and an aircraft capacity to identify its 
precise location relative to a precisely located touchdown point explain much of iis 
improvement. 


A-2 



225 


The experience has been comparable wilh CFIT accidents, which for decades had been the most 
lethal of all accident scenarios. Though CFIT achieved its biggest breakthrough prior to the 
advent of GPS, CFIT accidents continued through the mid-1 990s in air carrier turboprop aircraft 
and in large U.S.-operatedjets while flyingin foreign airspace. We also had evidence fiom the 
relatively Umited data systems of that era that the risk of striking terrain remained with us, as 
reports of on-board terrain alerts had become stubbornly stable. Enhance Ground Proximity 
Warning Systems (EGPWS) combine GPS and other technologies to provide look-ahead tetrain 
information to the fli^t crew and give the crew time to avoid impact. 

Protection against runway collisions is a third example of important safety improvements that 
could he forfeited with the loss of reliable GPS signals. The Voipe National Transportation 
Systems Center has concluded that the contemporary mix of airport surface moving map di^lays 
could prevent one-third of all runway incursions, and that effectivaxess will increase as more of 
the fleet deploys upgraded versions of the equipment, particularly “owri-ship” moving maps.' 
This eguipmerrt depends on GPS and has been a major factor in &e sustained reduction of 
category A and B incursions, and in the effort to minimize severe ground collisions, as at Milano 
in 2001 and Quincy, Illinois in 1996. If GPS signals are compromised, all the benefits of this 
equipment will abnqitly disappear. 

'With respect to General Aviation (GA) the situation is even more dramatic, particularly since 
glass coclgrits became standard equipment in new aircraft, begmning about 2003. Nationally, in 
the past 5 years fatal CFIT accidents in GA and non-scheduled air carrier operations have 
decreased 44% from the preceding 5 years, while fetal approaoh-and-landiug accidents and all 
fetal accidents at ni^t have decreased by 30 percent GPS and glass-cockpits are a primary 
explanation for these improvements, and those rapid improvements will likely continue for 
several more years as GPS-based equipment continues to penetrate the GA market 

With the loss of GPS, those benefits already achieved will be immediately reversed, and the 
opportunity for even more long-term benefits would be lost. Unlike air carriers, GA losses 
would not he ofeet by air traffic control and ILS systems because the GA fleet would either not 
be equipped with ILS or may not he under air traffic control. The safety impacts and costs to GA 
would be felt in full and would be severe. 

FAA has quantified the safety impact of a lO-year loss of GPS femctionaHty. Using the period 
1991-1998 as a reference (the last significant period in which GPS was not in wide-spread civil ■ 
use), there weie nine air carrier accidents which might have been averted had Terrain Alerting 
and Warning Systems (TAWS) been available and installed on the aircraft. Four of these 
accidents resulted in a total of 51 fatalities (averaging 6.4 fatalities per year). Another two 
involved large transports with a total of 1 85 souls on board, which indicates the potential for 
higher casualties. On this basis, FAA assumes that the loss of GPS functionality over 1 0 years 
would result in at least 64 fetaUties for air transportation operators. . 

To estimate the same benefit for GA, FAA has observed that the number of fatalities attributable 
to CFIT. approach and landing, and night-flying accidents in the past 5 years versus the previous 


’ See “Mitigating Rnntvay Incursions: A Safety Benefits Assessment of Airport Surface Moving Map Displays,” 
Stephanie Chase, Danielle Eon, and Miciieile.Yeh, 2010. 
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5 years. After allowing for decreases attributable to reduced GA flight hours, the FAA estimates 
that at least 73 fewer deaths, and perhaps as many as 77, oecorred annually during the second 5 
year interval due to reductions in these kinds of accidents because of increased use of GPS 
technology. FAA’s estimate of averted fetalities is shown in the following table. 


Type Operations 

Reduced Fatalities 
over 10 years 

Nominal 10-year Benefit 
{$ billions) 

Air Carrie 

64 

0.4 

General Aviation/Pt.135 

730 

4.4 

Total 

794 

4.9 


These figures are conservative for air transport operations because conunercial traffic has 
increased since the base period, aircraft are getting larger, and they are flying with higher load 
factors. The total value estimate also does not include assumptions concerning serious iryury, 
minor injury, or property loss. These would normally be considered in a benefil/cost analysis, 
but are not addressed due to time limitations. For GA, 730 is (he low end of estimated fatalities. 
Thus these estimates should he considered to be the lower bounds of safety benefits directly 
attributable to GPS on-board functionality. 


2. Summarize and quantify total sunk costs in GPS-based inirastructure (prior years to 
date) and plaimed investments going forward. 

The FAA and dvil aviation community would be facing an investment loss of S6 to 7 billion in 
GPS-based infrastructure and equipment invested through FY 201 1 . The FAA notes that U.S. 
taxpayers have already invested over $3 billion in GPS and NextGen through FY 2011. In 
addition to the FAA’s investment on behalf of (he taxpayer, the estimated aviation industry 
investment in GPS equipment for aircrafl: operating in the U.S. airspace throng FY201 1 is $3 to 
4 bfllion. This estimate does not include GPS equipage costs for over 13,000 Department of 
Defense aircraft, 1 400 federal department and agency aircraft, and thousands of state, and local 
government public use aircraft. 

If LightSquared deploys as currently proposed, the NextGen investments would need to be 
replarmed and most corresponding benefits would be delayed by approximately 1 0 years. 
Planned NextGen iavestments firom 2012 through 201 8 tto would need to be replanned total 
approximately $ 1 7 biUion. These investments include civil aviation industry estimated 
investments of $9 billion and $ S billion fa FAA infiastmctiire investments. 'Ihese investments 
leverap GPS for improved aiport access, positioning, and enhanced Automatic Dependence 
Surveillance (ADS-B) capabihties, and provide the foundation for trajectory-based operations. 
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3. To the extent possible, qualify, quantify, and describe risks to your agency's GPS-based 
mission capability, including ’’lost benefits” if GPS performance were degraded (or lost) 
due to LightSquared's signals including the costs to modify (or replace) GPS receiver 
infrastructure and the time frame required to replace tiiat infrastructure. 

The effects of LightSquared deplojrment would be far-reaching and potentially devastating to 
aviation. Proposed LightSquared operations would severely impact the efficiency and 
modernization of the safest, most efficient aerospace system in the world. Li^tSquared 
operations would bring numerous current and planned safety, efficiency, environmental 
improvements to a halt — jeopardizing U.S. leaderahip in the modernization of the ^obal 
airspace system. 

More significantly than productivity impacts, if GPS were not available, there would be a public 
safety impact due to the Iom of safety enhancements that are incorporated in aircraft today 
including TAWS, vertically guided approach capability to reduce CFTT, and “on-ship” displays 
that utilize GPS technology and reduce the number of runway collision accidents. 

Estimated loss oflife from 2014 to 2023 as a result of Li^tSquared impacts to GPS during the 
lO-ycar retrofit period is depicted in this table. 


Type Operations 

Estimated Fatalities 
during GPS retrofit 

Value of Life 
f$ billions) 

Air Carrier 

64 

0.4 

General Aviation 

730 

4.4 

Total 

794 

4.9 


Note that these figures are conservative because they do not include assumptions concerning 
serious injury, minor injury and property loss that would normally be considered, but are not 
included here. FAA considers this to be a lower-bound estimate of safety benefits directly 
attributable to G5*S on-board functionality. This estimate could increase as commercial 
operations and aircraft size increase. 

If LightSquared deploys as planned, all current GPS effidency and safety benefits would be lost, 
or at least severely reduced, until all aircraft operating in U.S. airq)ace could be retrofitted over a 
period of 1 0 and possibly up to 1 5 years; however 1 0 years is used for fiie purpose of this 
estimate and is assessed as medium risk. The time required indudes development of new GPS 
standards, product development, test, and standardization activities, and certification approvals. 

Additionally, an estimated $17 billion in FAA and civil aviation NextGen investmaits fiom 2012 
throu^ 2018 would need to be replanned and most corresponding benefits would be delayed by 
approximately 10 years. 

Ihe FAA’s analysis indicates that hundreds of thousands of civil aircraft operators would be 
directly and detrimentally impacted by degradation of GPS services. Not later than 20 1 4, the 
agency anticipates impacts to: 

• 5,800 to 7,250 passenger, cargo, and regional U.S. operated aircraft; 
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• 2,800 to 4,000 intemational operators’ aircraft from 105 countries; 

• more than 61,000 IFR-appioved GPS navigation general aviation and air taxi aircraft; and 

• thevastmajorityof310,000pilotswithoutinstnmientratmgsthatnseGPS equipmerit in 
visual conditions. 

Additionally, there are over 13,000 Department of Defense aircraft, 1400 federal department and 
agency aircraft, and thousands of state, and local government public use aircraft supporting 
homeland secunty, firefighting, law enforcement, search and rescue, and other apphoations that 
are not addressed in this estimate. 

During the assumed 1 0-year replanning and airaaft retrofit schedule, the proposed LightSquared 
deployment would result in the loss of: 

• At least $2 billion in baselmed GPS aviation efficiency benefits, 

• S6 billion for unplanned aircraft retrofit costs, 

• $59 billion in NextGen benefits 

• 3 1 million additional tons of CO 2 emissions, and 

• 794 lives lost with a public safety impact of S5 billion 

Total Li^tSquared aviation impacts are estimated to be ova- S72 billion, not including $6 to 7 
billion in FAA and aviation nser sunk costs. 

Based upon input from frie RTCA in its advisory capacity to the FAA as well as the National 
Space-Based Positioning, Navigation, and Ti m i n g Systems Engineering Forum, this estimate is 
based upon the replacement costs of modified GPS aviation antenna and receivers for which no 
approved technic^ specification exists today. The 1 0 year retrofit timeline is assessed as 
medium to hi^ risk. The cost of retrofitting existing FAA GPS based ground iiifrastructure is 
not part of the basis of this estimate. 

This estimate does not consider the aviation economic impacts if si gnal degradation continued 
unmitigated. Failure to achieve a high level of mitigatioii would carry a much larger cost. 
Additionally, the estimate does not account for the inefSciency and Kcpense of replanning 
NextGen projects and programs. 

This operational, economic, and public safety impact assessment is based upon LightSquared’s 
June 30, 2011 proposal and June 23, 2011 LightSquared testimony to the House Transportation 

and Infrastructure Committee, including use of the lower lOMHz channel starting in 2012 and 
any use of the upper 10 MHz channel starting in 2014. This assessment assumes the planned 
power is one-tenth the current authorized power. Li^tSquared operations at the current power 
authorizations would be substantially worse than considered in this assessment. 

Use of the Li^tSquared upper channel is unacceptable at any power level, since the 
Li^tSquared upper channel interference exceeds the GPS receiver MOPS-related environmental 
limit by a factor ranging fi:om 4,000 to 80,000, depending upon die assumed operational 
scenmo. Li^tSquared transmissions in the upper portion of the spectrum in the 2013-14 
timeframe would result in the complete loss of GPS aviation capabihties. More significant than 
that, however, is the lost benefits of current GPS use and NextGen, moving U.S. aviation away 
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from a safer, more efSoient national airspace system based upon GPS and satellite technology, 
and returning the FAA to dependency on ground-based radionavigation aids. 

The FAA cannot conclude that operations using just the lower portion of the spectrum are 
compatible with civil aircraft receivers without definition of LightSquared’s end-state 
deployment and further study. However, based upon existing data, Li^tSquared’s operations at 
the lower channel would preclude the following critical capabilities that rely Upon hi^-predsion 
GPS receivers; airfield and fU^ procedure surveys, flight test tracking, space weather 
monitoring, and GPS timing for computing resources and many mission critical systems. 
Impacted FAA GPS timing applioatjans include multiple terminal, enroute, and oceanic 
antomation systems and subsystems; surveillance systems; voice communications and voice 
recording systems; and maintenance support systems. 

The FAA estimate considers several possible mitigation options to retain GPS aviation benefits 
to aviation. Li^tSqnared’s proposal for in-line filtering is assessed as high risk and not feasible. 
Aviation receiver/antenna sets typically use five or more filter/amplifier stages. Any stage 
saturated by the hi^er power LightSquared signal results in degraded GPS aviation petfoimance 
with safety impacts. Additionally, the proposed in-line filters have not been prototyped and are 
not expected to meet international standards for GPS performance. The filters reject and 
iaterfere with the GPS signal in addition to the LightSquared signal. A medium risk solution 
requires replacement of both the GPS receiver and antenna. GP S antenna and receiver redesign 
is assessed as a moderate technical risk. Assuming such a design could be developed that could 
tolerate the LightSquared signals while still meeting aviation operational requirements, aircraft 
retrofit costs were estimate to be $6 billion including a cost differential for new equipment and 
aireraft. Since this assumption is currently unproven, considerable risk is introduced in this 
estimate. It is also important to note that even if such mitigation could be developed, it is 
expected to take 6 to 10 years to deploy. U.S market leadership in space-based navigation 
aviation user and provider equipment and services would also be impacted as other countries 
could migrate away firom GPS to other systems and signals impacting U.S. aircraft operations 
and national security. 

The scope of degradation to GPS use due to LightSquared’s operations is not scalable for the 
purposes of estimation since the future airspace structure is based upon GPS continuity 
throughout U.S. aii^aoe. After the Li^tSquared network is deployed, GPS is expected to be 
unavailable for planned aviation use over the whole of the continental U.S. based upon FAA 
analysis and tests. Due to the ubiquitous use of GPS, most operators would find ft extremely 
disruptive and very inefficient to revert to operations dependent upon ground-based 
radionavigation aids and forfeit the safety enhancements provided by GPS. 
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Appeudix B 

LightSquared Impact to Rail Operations 
Input Provided by Federal Railroad Administration 

I. Samnmrize and quantify current and future benefits provided by use of GPS-based 
applications and any cost-benefit analyses that are available. 

The most substantial rail-related GPS-based application is Positive Train Control (PTC). Federal 
Railroad A dmini stration (FRA) regulations, mandated by the Rail Safety Improvement Act of 
200S (RSIA), require Class I railroads^ and intercity and commuter passenger railroads 
nationwide to implement PTC systems by December 31, 2015. PTC systems serve to prevent 
tram-to-train collisions, overspeed train derailments, incursions into roadway work zones, and 
accidents caused by railroad switches left in an inoorrect position. All PTC systems require 
some form of transmission of positioning, navigation, and timing (PNT) information.^ In 2009, 
FRA estimated that the safety benefits of PTC system implementation would total $673,801,919 
over twenty years, using a 3% discount rate, and $439,705,397 over twenty years, using a 7% 
discount rate. When installed, FRA believes PTC systems will save 4.3 lives per year, on the 
average. 

Freight railroads have begun to use the GPS data regarding train position and movement to 
enhance operational efficiency. Preliminary FRA estimates suggest that railroads could lose 
productivity gains (most of which accrue to society at large) of roughly S15 billion over twenty 
years, using a 7 percent discount factor, or $29 BilHpn, using a 3 percent discount factor (based 
on past analysis ofpotential system business beuefits of PTC). Currently, the BNSF Railway 
Co. (BNSF) reports using GPS positioning data to track aH of its major pieces of mobile 
eqmpment, either on-track rolling stock or off track vehicles and machines. BNSF is also 
feeding the data regarding loaded cars to shippers, which in turn lets shippers better plan for 
receipt of rail shipments and other logistics. The benefits of better information on arrivals, as 
well as the ability of railroads to reduce the variability of arrival times, accrue to shippers, who 


”bl49 CFR §1201, the Surface Transportatjon Board defines Class I railroads as: “Carriers haviiig arurnal carrier 
operating reveirues of $250 million or more" after adjusting for inflat ion using a Railroad Freight Price Inde x 
developed by the Burea u of Labor Statistics (BLS). In practice, this moans Amtialc and the seven largest railroads. 

Positioning means the abrlity to accurately and precisely determine one’s location and oiientatiou two 
dimensionally (or three dhnensionsUy when required) in reference to a standard geodetic system (such as World 
Geodetic System 1984, or WGS84). Navigation means the ability to determine the current and desired position 
(relative or absolute) and to apply corrections to course, oireutation, and speed in order to attain a desired position 
anywhere around the world, from sub-surface to surface, and from surJhce to space. Timing means the ability to 
acquire and maintam accurate and precise time from a standard (Coordinated Universal Imre or UTC), anywhere in 
the world and within user-defined timeliness parameters. Timing includes time transfer. 
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then are likely to move more of their logistical system fixJin iii^way transportation to rail 
transportation, saving society from significant congestion and pollution costs, as well as 
improving overall transportation safety and fuel efficiency. 

FRA and railroads also use a GPS-based system to enhance track safety. In the field of track 
safety technology, almost all railroads* track safety programs use GPS data to locate and monitor 
track conditions, including defects in track geometry, tie condition, and rail integrity. FRA 
currently oversees a fleet of five automated track inspection cars. These advanced, specially 
designed cars utilize the GPS to provide accurate track geometry information and other track 
relat^ intelligence data to assess conmliance with Fedraal Track Safety St^dards. Since 2001, 
this fleet has inspected 409,853 railes^of the U.S. rail network over a span of 2,61 0 days. With 
deployment of advanced GPS-based track inspection technologic and fiirou^ strategic track 
inspection planning, the FRA Automated Track Inspection Program (ATIP) has achieved a 359- 
percent increase in inspection frequency in fiie last decade. Furtiier, railroads use handheld GPS 
systems to augment automated track inspection efforts. For ©cample , the Union Pacific Railroad 
■ Co. (UP) engineering grotqj’s System Tie Spotters, have walking inspectors click a button at 
each defective tie, locating via GPS the ties for the tie replac^nent program. 

BNSF has implemented the Hy-rail (sic) Vehicle Limits Compliance System that uses GPS 
position information to prev(ait hi-rail vdiicles^from exceeding fiie limits of their authority, 
preventing accidents that are often fatal. 

GPS-based technology used overseas has the potential to reduce hi^way-rail grade crossing 
accidents. One such system in the United Kingdom provides infonnation to motorists regarding 
upcoming hi^way-rafi grade crossings, which can reduce the risk of collisions. Were such 
systems successfully implemented in the United Stat^, FRA believes that a significant reduction 
in grade crossing accidents andxesulting casualties would be achievable. 


2. Summarize and quantify total sunk costs in GPS-based infrastructure (jprior years to 
date) and planned investments going forward. 

FRA estimates that the sunk cost in PTC systems that rely on GPS is over one billicm dollars, and 
that railroads plan an additional $4.3 billion by December 31, 2015 in GPS-based PTC systems 
to meet the RSIA congressional mandate. 

FRA believes that automated and manual track safety systems that rely on GPS represent a sunk 
cost of over one billion dollars, counting not only die cost of the GPS location infonnation 
system, but the total cost of the track inspection systems on the same vehicles, because the track 
inspection data is not very useful unless the location of the defect is identified. This estimate is 


Source: Track Data Management System 

^ Hi-rail vehicles are roadway maintenance manhings manufectured to meet Federal Motor Vehicle Safety Standards 
and equipped witii retractable flanged vAeelsso that they may travel over the highway or on railroad tracks. 
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based on a rough estimate of the number of track inspection system cars in service, and a rou^ 
estimate of the unit cost of such cars. 

Further, FRA has spent $65 Million on its Automatic Track Inspection Program (ATIP). FRA 
owns five ATIP vehicles, which use GPS to record the location of track perturbations, including 
violations, defects and anomalies. FRA can also use the data &om ATD? to refine its track safety 
standards should it determine that some anomalies that are not defects or violations are 
nonetheless unsafe conditions, especially if the anomalies led to accidents. 

FRA also believes that sunk costs in dispatch and other systems that improve productivity based 
on GPS data total over one billion dollars. For example, UP, CSX Transportation, and Canadian 
National Railway (CN) are using a product firom Lat-Lon Coiporation to track equipment and 
reduce cargo losses. This equipment, which can be solar powered, is mounted on the piece of 
equipment to be monitored and is tracked using wayside units. BNSF is using GPS-based 
equipment to track all of its rolling stock and mobile equipment. FRA cannot provide more 
exact estimates of sunk costs because such data has never been collected systematically. ERA 
reUes on experience funding joint activities with railroads, and on public statements of railroads 
regarding their investmaats in making this estimate. 


3. To the extent possible, qualify, quantify, and describe risks to your agency^s GPS-based 
mission capability, including "lost benefits" if GPS performance were degraded (or 
lost) due to LightSquared's signals including the costs to modify (or replace) GPS 
receiver infrastructare and the time frame required to replace "that infrastructure. 

If GPS perfonnmce was degraded or completely lost, the railroads’ safety risk nationwide would 
increase dramatically. Alternate PNT information sources would be required, which would 
result in significant increases in PTC implementation costs and the railroads missing the 
statutory deadline for implementation of December 31, 2015. The engineermg efforts to date 
would become useless. In addition, substantial PTC accident-reduction benefits in the first years 
would be completely unattainable and foregone. FRA estimates that in each year of full 
installation PTC wiU save $39 milKan in accident costs, including casualty mitigation. The costs 
of delay will be $39 million for each year of delay with total delay time reaching 6 years. Since 
the least costly version of PTC uses GPS for transmitting location information, were GPS 
degraded or completely unavailable, most railroads would have to switch to the transponder- 
based technology such as that used for the Advanced Qvil Speed EnftiTcement System (ACSES) 
PTC system currently in place on the Northeast Corridor. FRA estimates that such railroads 
required to implement a transponder-based PTC system in Eeu of a GPS-based system would 
fece increased costs of roughly $18 billion over 20 years, using a 7 percent discount factor, or 
$25 billion over 20 years, using a 3 percent discount factor. 

Since PTC system implementation based largely on GPS is not able to provide a positive return 
on investment, the increase in cost would only further exacerbate this situation. PTC system 
implementation costs are roughly 20 times higher than anticipated safety benefits. If GPS were 
degraded or lost, costs would be roughly 60 times higher than anticipated safety benefits. 

There would also be a tremendous loss in track inspection productivity and an increase in track- 
related accidents as automated track inspection vehicles could not be used to detect rail defects. 
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Use of such vehicles by FRA and railroads has led to significant improvements in track-related 
accidents. Visual inspectioii, the likely alternative, takes significantly longer and is not able to 
identify as many types of rail defects. Althou^ some geographic position information mi^t be 
derived from wheel rotations, the inspectors on the ground would not have the same level of 
accuracy with respect to location making this an unviable alternative. FRA believes that these 
systems could not be replaced, and that service failures and accidents would increase 
dramatically if GPS was unreliable or unavailable. 

FRA and railroads would lose valuable data from track safety monitoring as current GPS systems 
were withdrawn from service for refitting. FRA cannot estimate how much track defects would 
increase, but it is reasonable to expect increased accidents costing hundreds of millions of 
dollars, and increased train delay costs in the billions of dollars, as well as significant decreases 
in the productivity of railroad track inspectors. 

Without GPS, the success of the automated and manual track inspection is in jeopardy and safety 
gains obtained over the last decade will be lost. As noted above, FRA’s ATIP program can be 
used to refine its regulatory program, as well as its understanding of the role of track geometry in 
accidents. Without ATIP, FRA, the puhh'c and the railroads would lose the benefit of a better 
track safety regulatory program. There is no comparable non-GPS technology to achieve the 
same results. 

Degradation or loss of GPS would result in lost rafiroad productivity and could lead to rail 
network congestion and gridlock. Such a “meltdown” happened in the late 1990’s when two 
large Class I railroads merged hut had issues integrating their data systems.* Estimated costs of 
this event exceeded $1.1 billion in lost sales, reduced output, and hi^er shipping costs. The 
consequences of such congestion could materially harm the recovering national economy, 

Li^tSquared claims (hat GPS receivers can be modified to be resistant to Li^tSquared’s 
signals’ interference. Assuming fliat LightSquared’s claims are accurate and that GPS receivers 
could be modified to filter out Li^tSquared’s signals’ interference, if aU GPS receivers had to 
be modified or replaced, the costs would also be significant. LightSquared claims to be 
exploring such modifications, but FRA cannot estimate the consequences. At a minimum, PTC 
systems would need to be revalidated, at costs in the $400 million range, and implementation 
would be delayed by more than a year. The total cost of replacing or modifying GPS systems is 
hi^y dependent on the nnit cost of such modifications. Until the proposed remedy is revealed, 
inclnding costs and limitations and any new Ph)T receiver design FRA cannot estimate total 
impacts. As there are currently no commercially available receivers (hat can exclude 
Li^tSquared’s interference, and given (he relatively limited rharket for PNT systems strictly 
applicable to railroads, FRA believes the costs would be significant. 

Further, FRA would lose potenti al opportunities to reduce hi^way-rail grade crossing accidaits 
fhrou^ the use of GPS-based systems to alert highway users of upcoming crossings. Althou^ 


‘ Bernard L. Wemstein, PhJ3. and Teny L. Glower, PhD. ‘THE IMPACTS OF THE UNION PACIFIC SERVICE 
DISRUPTIONS ON THE TEXAS AND NATIONAL ECONOMIES; AN UNFINISHED STORY,” Prepared for 
the Railroad Commission of Texas by Center for Economic Development and Research The University of North 
Texas Denton, Texas Febmaiy 9, 1998. 
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such, systems have not been implemented in flie US, the potential to avoid grade crossing 
accidents would be lost 
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Appendix C 

LightSquared Impact to Maritime Operations 
Input Provided by the Maritime Administratioa and 
the Saint Lawrence Seaway Development Corporation 


1. Summarize and quantify current and future benefits provided by use of GFS-based 
applicatioDs and any cost-benefit analyses that are available. 

UARAD 


The Maritime A dminis tration (MARAD) manages tiie Ready Reserve Force which is a 
fleet comprised of mostly cargo and Roll-On/RoU-Off (RO/RO) vessels, currently numbering 48 
vessels, whose mission is to carr}'' DOD cargo for surge seaUfl purposes or when a commercial 
U.S.-flag vessel is not available for a cargo lift. MARAD also manages the Maritime Securify 
Program (MSP) which is comprised of 60 U.S.-flag commercial ships which are available for 1iie 
carriage of DOD cargo, as well as the use of the shipping companies^ transportation 
infrastructure for DOD transportation heeds. The RRF cany foe same GPS-based equipment as 
commercial vessels, and follow U.S. Coa5Tt Guard standards for v^sel inspectiaii and equipment 
carriage. 

In addition to GPS receivers which display constant latitude and longitade positions, there are 
several integrated ship systems that incorporate foe GI^ signal as an integral component of foe 
system. Th^e sj^tems and equipment include foe Global Maritime Distress and Safety System 
(GMDSS), Electronic Chart Di^lay and Information System (ECDIS), Radar/ARPA Displays, 
Ship Steerii^ Systems Utilizing GPS Waypoints, Ship Security Alert System (SSAS), 
Emergency Position Indicating Radio Beacon (EPIRB), Automatic Identification System (AIS) 
as well as INMARSAT or Fleet Broadband te rminals . 

in- addition to ship's perscomel, another group that mak es extensive use of GPS-based equipmoit 
is foe maritime pilots. Most pilot organizations in foe U.S. use a Differential GPS (DGPS) input 
for their portable units used for shfy navigation in U.S. coastal, harbor and riv^ waters. Many of 
these pilot organizations their own DGPS laptop systems which they carry aboard to 
augment the ship's equipment The pilot laptop electronic chart S3^em5 are enhanced with 
features to promote safer transite than the foip's equipment alone is typically capable of 
providing. 

SLSDC 

The Saint Lawrence Seaway Development Corporation (SLSDC) is primarily tasked with safe 
and efficient vessel navigation of the U.S. portion of foe St. Lawrence Seaway, including foe two 
United States-operated locks in Massena, New York: Eisenhower and Snell. On March 3 1, 2003, 
foe Saint Lawrence Seaway Development Corporation became foe first inland waterway in foe 
westam hemisphere to implement the GPS-based Automatic Identification System (AIS). AIS is 
a shipboard broadcasting transpondo* system operating in foe VHF maritime band that is capable 
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of sending vital infoimation such as real-time ship identification, position, heading, and speed to 
the three Vessel Traffic Control Centers within the St. Lawrence Seaway system. 

2 . Stunmarize and qnantiiy total sunk costs in GPS-based infrastructure (prior years to 
date) and plaimed investments going forward. 

MARAD . 

Althou^ the cost for a basic GPS receiver is relatively small, in the order of a couple of hundred 
dollars, the costs of the integrated ship systems that incorporate the GPS signal as an integral 
component of the system as listed in answer to question one, can be quite expensive. GMDSS 
consoles cost approximately $50K installed while ECDIS can cost up to S40K installed. 
INMARSAT or Fleet Broadband terminals are approximately $35K to install on board a vessel. 

A conservative estimate of SlOOKper dnp would include all the GPS-related equipment that is 
required to be on board a vessel greater than 300 gross tons. This size is generally the vessel size 
limit that mandates the outfitting all GPS-related safety and navigation equipment for larger 
vessels. There are approximately 200 U.S.-flag deep sea commercial vessels, and at least an 
equal number of coastal U.S.-flag vessel of greater than 300 gross tons. Including the vessels in 
the RRF with the U.S. commercial and coastal fleet, this approaches half a billion dollars for 
currently installed GPS-related marine equipment. The half-billion dollar mark would be far 
exceeded if all the inland commercial vessels that are less than 300 ^oss tons but still cany GPS 
receivers or other GPS related marine equipment were included. This is an ongoing expense due 
to replacement costs of outdated or defective equipment, and replacement year requirements 
such as the phase out of INMARSAT B terminals by the year 2014 to be replaced by Fleet 
Broadband tenninals. 

An entire generation of vessels and vessel systems has been designed and built with the 
anticipated benefits of uninterrupted GPS in mind. Quantifying the costs to these vessels and 
systems impacted by degradation of the positioning input would he difficult if not impossible. 

For example, the recent development of Dynamic Positioning utilized by much of the ofEhoie 
oil industry is dependent on accurately knowing the vessel’ s position to a high degree of 
accuracy. Passenger ships and others also use this system in U.S. ports on a regular basis. 
Similarly, certain vessels use direct GPS waypoint inputs for automated steering. This could 
affect passenger ship/feny operations as well as dredging, survey and research operations, 
among ottiers which could he compromised. 


SLSDC 


The SLSDC has invested nearly $2.5 milbon over the years on the AIS.'GPS project. 
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3. To the extent possible, qualify, quantify, and describe risks to your agency's GPS-based 
mission capability, including "lost benefits" if GPS performance were degraded (or lost) 
due to LightSquared's signals including the costs to modify (or replace) GPS receiver 
infrastructure and the time frame required to replace that infrastructure. 

MARAD 


The dollar value on potential contributory ship groundings, collisions and allusions could run 
into tais of billions of dollars in hull, cargo and oil pollution costs not to mention injuries and 
loss of life as well as economic losses to ports and corporations negatively impacted by a related 
incident Manypassenger vessels carry thousands of people, and transit U.S. ports on a regular 
basis. Any interference or degradation of the GPS signal throu^ LightSquar^ utilization of - 
interfering frequency bands is unacceptable due to potential safety, environmental and economic 
consequences. Likewise, the retrofit of GPS marine eqtripinent with filters or other fixes is not 
practical from a deployment or an economic perspective. - 

Finally, this situation brings to mind the importance of alternate back-up systerns for marine 
navigation to GPS such as e-LORAN which has recentiy be^ discontinued within the U.S. 

SLSDC 


The SLSDC has sou^t to generally understand the impact of the Li^tSquared network as a 
distinct, thou^ not unrelated, threat to AIS as that posed by GPS Jammers. Similar to ihe 
SLSDC’s September 23, 2010 memorandum detailing the impact of GPS jammers to the 
SLSDC, implementation of the li^tSquared network could potsitially negatively impact the 
SLSDC’s AJS. While use of AJS is currently geographically based in and around the St 
Lawrence Seaway and the Great Lakes, the planned size and scope of the Li^tSquared project 
as well as its tentative proximity to die GPS frequency bandwidth is of most concern for the 
SLSDC. 

Any disruption to GPS as a result of Li^tSquared technology unplemaitation may cause much 
larger and more systemic impacte to the AIS network than GPS Jammers. The SLSDC's GPS 
J amm ers memorandum is an excellent resource for gathering greater technical and historical 
information about the AIS. Thou^ with the potential to cause system-wide AIS disruption, GPS 
Jammers ^ear more likely to cause locality-based AIS interference. Variables to the impact of 
tiie GPS J a-mm er include the strength of the device used as well as its proximity to an in^acted 
AIS device, like those located on transiting vessels and across the Seaway technical 
infrastructure. Conversely, geo^phically s^arated devices inbuilt to the AIS network 
infiiastructure may be simultaneously and concurrently disrupted by Li^tSquared technology. 
Any efforts to wid&si implemejitation of the AIS system across the global maritime community 
would most certainly be hindered given the vast reach of tiie Li^tSquared system. 

GPS-based AIS has greatly enhanced the safety and efficiency of the waterway and has 
improved Great Lakes Seaway System maritime security. AccordinglY, the SLSDC remains 
committed to leveraging and utilizing GPS and AIS functionality. To the extent possible, it is in 
the interest of the SLSDC that Li^tSquared network technology be thordu^y tested, be 
executed carefully, and be implemented through frequent and ongoing coordination with all GPS 
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and AIS stakeholders. The SLSDC would support any DOT-wide initiative to better understand 
the radius impact of LightSquared technology, including limiting its use to bandwidths most 
separated finm GPS and Automatic Identification System functionality. 
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Appendix D 

LightSquared Impact to Highway Operations 
Input Provided by the Federal Highway Administration 


1. Summarize and quantify current and future benefits provided by use of GPS-based 
applications and any cost-benefit analyses that are available. 

The Federal Highway Administration (FHWA) focus is primarily at the programmatic and policy 
level, implementing legislation that $iq)ports the development and further enhancement of the 
nation’s road transportation system. Thus, the benefits , current and future, provide by GPS- 
based applications acoue more to our customers, state and local transportation agencies, than to 
FHWA, with one notable exception, FHWA’s Federal Lands Division. This organization is 
focused on developing and maintaining road networks on Federal Property. However, there 
would be a major impact to our customers, state and local transportation agenda, who are 
responsible for building and maintaining our nation’s road infrastructure. 

Internally, benefits to FHWA accrue from reduced survey (setting control points, etc) and 
mapping costs, reduced time to perform project surveys, and automated constmction techniques. 
These operations use dual frequency GPS receivers that are likely to be impacted by 
LightSquared’s proposed broadband network. 

Externally, benefits are realized throng the following list of applications: 

1) Positioning (includes some navigation applications where data is collected over a 
roadway segment): 

o Real time traffic control, 

o Vehicle tracking and dispatching (includes government (e.g. public safety, 
transit) and commercial fleets), 
o Determining prime locations for environmaital sensors 
o Traffic data collection (including 3 ^ party/private sector data derived from 
positioning data), 

o Location stamping remote weather and road condition data from v^cle sensors 
o Work zone site management 
o Work zone pesformance management 
o Truck size and weight enforcement, 

o Handheld PDA electronic maps (used for navigation and to locate track and 
maintain all hi^way features) 

o Personnel locator beacons (used by avalanche and snow plow crews in mountain 
areas) 

o Emergency transportation operations 
o Transit signal priority systems, 

o Emergency vehicle<''first responder signal priority sj^tems, 
o Variable message sign location verification. 
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o Stonn damage survey, 

o Ri^t of way control at Hi^way-Rail interface, 
o Bridge healfii monitoiing, 

2) Navigation 

o Construction process and quality assurance, 
o On-demand/paratransit services, 
o Goods/cafgo routing and delivery, 

3) Survey 

o Roadway asset and inventory data collection 

o Establish project control for construction (eitirei new or repair) projects 
o Determine property boundaries, 

o Various survey types including topographic, benthic, bathymetric, 

4) Time synchronization 

o remote trafSc control devices, 
o telecommunications networks 

o used for synchronizing hi^way advisory radio transmissions, ensuring adjacent 
transmitters do not cause interference to adjacent systems 

Some of these applications are critical during emergencies. For example, in order to evacuate an 
affected population from an approaching hurricane, loss of signal rimin g and, thus 
synchronization, significant delays in the evacuation process would occur and increase the 
likelihood of the loss of life. Without the high availability of GPS timing, traffic signal 
synchronization on the evacuation routes would need to be done manually, slowing any 
evacuation. 

It is difficult to place a dollar value on these benefits, but just the investment in GPS receiver and 
data networks to support these applications runs into the billions of dollars. State and local 
organizations will not invest these amounts without significant return on investment. 

For reference, one organization, the North Dakota Department of Transportation, suggested that 
the cost of the loss of GPS to one hi^way constmctiou survey for one project is on the order of 
$686,000 annually. Note there may be as many as three dozen projects and hundreds of minor 
projects ongoing at any given time. 

As a second data point for costs, approximately two years ago, the Department undertook an 
assessment of the NDGPS service to determine what effect the loss of NDGPS would have on 
road tranqjortation agencies. It was estimated that the impact would he on the order of $100 
minion dollar.?, annually. Given that NDGPS relies on GPS and GPS is used even more 
extensively, a larger dollar amount could be attributed to the loss of GPS. Please see the NDGPS 
Assessment Final Report for more details. 

2. Su mma rize and quantify total sunk costs in GPS-based infrastructure (prior years to 
date) and plaimed investments going forward. 

Again, since FHWA does not (with the exception of Federal Lands) purchase this equipment, 
any value is at best an estimate. As stated in the first question, state and local agencies have ’ 
invested billions in equipment In some cases this was to establish real-time GPS networks. In 
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other cases it is for ancillary equipment to support tuning. In still others, it is end user equipment 
for mapping and surveying. The total outlay has been in the billions. 

State and local governments axe continuing to invest in new GPS-based hardware to support 
improvements in transportatioEL Improvements in reference stations and user equipment 
necessitate continued purchase of equipment. Existing equipment is generally not suiplused, but 
is traded in, upgraded, or provided to different agencies for other uses. Nationwide, 
transportation agenda continue to invest in GPS based technologies. 


3. To the extent possible, quantify, and describe risks to your agency’s GPS-based 

mission capability, including "lost benefits” if GPS performance were degraded (or 

lost) due to LightSquared’s signals including the costs to modify (or replace) GPS 

receiver infrastractore and the time frame required to replai^ that mfrastructure. 

In the event that GPS were lost or significantly degraded, there would likely be no visible affect 
onhi^way transportation for a short period of time, on the order of hours to days, unless a man- 
made or natural disaster were to occur necessitating the use of deployable systems that relied on 
GPS for monitoring or timing. 

After this short time fiame, some deterioration in traffic flow may be noted and the ability of 
local transportation agencies to monitor the transportation system would degraded. Additionally, 
the impact on drivers involved in a traffic incident could be deadly if res^nders are unable to 
reach foem to provide appropriate care within the critical time frame following a severe trauma. 
Beyond this impact are the increased costs to move frei^t and otherwise deliver goods to 
markets across the country. It has been noted that for everyone minute that an incident remains in 
the hi^way, 4 minutes of badc-up occurs. FHWA has produced documentation on the impacts 
of traffic incidents -including safely costs -and the cost impact on the economy in twp 
publications available on our website. These include "Quick Clearance Laws and Policies: 
Practices" and "Planned Special Events and the Economy." Following are some statistics from 
these publications that illustrate the potential impact: 

■ Traffic Incidents comprise 25% of all congestion problems and waste 925 million hours 
year of driver time stuck in traffic. 

• 1 minute of incident duration leads to 4 minutes of congestion backups 

• TIM efforts are credited with reducing annual delay by 1 29.5 million hours with an 
associated cost savh^ of $2.5 billion. 

• Since 2003, 59 law enforcement, 12 fire and rescue, and 54 maintenance personnel died 
after being struck by vducles along the hi^way. 

• South Carolina's Driver Removal law reduced delay by 1 1 percent, with an associated 
cost savings of $1,682 per incident. 

• In a five-year study conducted in North Carolina, 1,300 abandoned vehicles were struck, 
resulting in 47 fetalify crashes and over 500 injuries. 

• In 2005, 500 fatalities were reported nationally as a result of incidents occurring on the 
roadway shoulder and median. 

• PNT services help to get responders (transportation, police, fire, EMS) to where they 
need to be quickly and efficiently to clear roadways and to avoid secondary crashes or 
strike-bys. 
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After a week without GPS, additional deterioration and greater infract to the long terni 
maintamability of the transportation infrastructure would occur. In the event of a large natural 
disaster, the effect could he significant in both lives affected and cost to rebuild the 
infiastructure. 


Loss of GPS would result in decreased efdciency to goods movement and *^ust-in-Time” 
deliveries as it becomes more difficult to accurately track commercial shipments. Shipping 
companies would revert to previous methods od tracking including voice communications with 
commercial vehicle operators to determine the .cargo’s location and estimate delivery scdiedules, 
as well as identify an problems encountered d-uring shipment. 
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Appendix E 

LightSquared Impact to Intelligent Transportation System Operations 
Input Provided by the Research and Innovative Technology Administration 

1. Sunmiarize and quantify current and future benefits provided by use of GPS-based 
applications and any cost-benefit analyses that are avaUable. 

The Intelligent Transportation System ( ITS) Joint Program Office ( IPO) does not have any 
quantifiable dollar amounts associated with future benefits related to GPS-based 
applications. However we will be collecting benefits data in conjunction with National Highway 
Traffice Safety Administration (NHTSA) staff over the next two years in support of the Vehicle- 
to-Vehicle (V2V) NHTSA regulatory decision, to addition, the Department’s V2V and Vehicle- 
to-tofrastructure ( V2I) safety applications rely on GPS positioning solutions, and when 
deployed in sufficient numbers, V2V and V2I applications could potentially provide a significant 
future benefit in terms of tens of thousands of reduced crashes and the associated injuries and 
fatalities. These benefits are estimated to be quite significant when V2V and V2I are fiilly 
deployed. However, without the collection of the NHTSA data, we are not able to quantify the 
dollar amounts of the benefits at this time. 


2. Sununarize and quantify total sunk costs in GPS-based infrastructure (prior years to 
date) and planned investments going forward. 

The ITS JPO has invested over Jhe course of many years, several hundred million dollars in 
safety based research that requires GPS positioning to be effective. Therefore any loss of GPS 
would prevent the effectiveness of the solutions and jeopardize the considerable research 
investment made by both the federal government and the maj or automotive industry in connected 
vehicle safety research. Going forward, the Department is planning to invest approximately 
another SIOOM in the V2V and V2I related research that utilizes GPS positioning. 


3. To the extent passible, qualify, quantify, and describe risks to your agency's GPS-based 
mission capability, including "lost benefits" if GPS performance were degraded (or 
lost) due to LightSquared's signals including the costs to modify (or replace) GPS 
receiver infrastructure and ihe time frame required to replace that infrastructure. 

A degradation or loss of GPS will prevent the successful operation of V2V and V2I applications, 
and thereby eliminate the future benefits associated with V2V and V2I safety applications in 
teims of the lost opportunity to reduce crashes, injuries, and fatalities. Additionally, many of the 
mobility applications (dynamic routing, navigation, tracking, etc.) also rely on GPS solutions. 
Therefore the transportation industry involved with GPS devices has expressed concern about a 
loss of operations. Therefore, If GPS were lost or degrade4 Ihe millions of devices used for 
mobility purposes would be impacted. Significant tran^ortation benefits such as decreased 
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travel times, foel savings, and coirespondiiig environmental benefits based on enhanced 
efficiency from GPS would most likely be lost 
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Appendix F 

LightSquared Impact to Commercial Motor Vehicle Operations 
Input Provided by the Federal Motor Carrier Safety Administration 


Executive Summary: 


The Commercial Motor Vehicle (ChlV) industry anploys numerous devices that leverage the 
GPS signal and provide operational, safety, and security benefits. Although FMCSA, as an 
agency, is able to leverage die availability of locational data for the benefit of its safety oversi^t 
and enforcement programs, the Agency itself does not have any major i^ograms that solely rely 
on the integrity, accuracy and continuity of GPS signal availability. There are no substantial 
Agency-qjecific GPS-based infiastmcture costs to date or planned for &e future. 

The sunk costs for motor carrier’ and their industry partners’ development of GPS based 
technologies are also generally unknowiL Furthermore, due to the nature of GPS use in the 
hi^way CMV industry, we 6o not anticipate any unique challenge for our Agency, CMV 
industry or our stakeholders that would differ from those that would be already covered under 
other DOT Agencies friat rely more heavily on GPS signals, such as Federal Aviation 
Administration (FAA), Maritime Administration (MARAD) and Research and Innovative 
Technology Ad m inistration (RITA). 

For frifi following reasons, FMCSA does not believe it has sufficient infonnation to carry out a 
meaningful economic impacts analysis as requested: 

• The technology cost-benefits analyses performed to date in the CMV industry do not 
isolate GPS signal dependency effects, 

• In the CMV industry, GPS-enabled technologies axe used for both regulated and non- 
regulated applications, and hence, a comprehensive estimate of technology penetration 
for GPS-enabled systans and products are generally unknown, 

• There does not appear to be consensus on the nature and extent of the interference that 
was obsaved from tests on LigfrtSquared’s new technology, even though the tests were 
performed by independent parties, 

• There does not appear to be consensus concerning the current or near-term availability of 
countermeasures to the obsen^ed interference, or the costs of tiiose countermeasures, 

• There does not appear to he consensus over how, and at what cost,’ newer generation GPS 
systems can be designed to be robust against this interference. 
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Given the extent of the unknowns, FMCSA was only able to compile the infonnation below, 
whidi highlights some economic impact numbers identified in past studies that have relevance to 
the availability of the GPS signal. 

AssiiniTitinns; 


In preparing this response, the following assumptions were made: 

1 . Interference firom Li^tSquared^s new broadband service would primarily afiect signals 
within a 0.25mile radius of its 38,000 planned terrestrial towers^, representing an 
approximately 7,500 sq-mile (-0.2% of land) area across USA. 

2. Interference in the affected region will manifest itself as GPS system reporting 
degradation, but the devices would self-recover to normal operation outside of the hi^ 
interference zones. 

3 . The interference conld be mitigated in newer GPS systems altogether with design 
changes (at unknown development and unknown incremental device costs); therefore, 
only legacy GPS systems would be likely to be adversely impacted. 

The primary focus areas that leverage GPS in the tracking industry are: 

Operattonal EfBdencv Tmnroving Tprlmnlnoipii 

These systems include fleet management systems, driver route guidance, commercial vehicle 
specific routing assistance for time- or distance optimization, pickup and delivery optimization, 
drayage track operations management in and out of Nation’s major Ports. Most large fleets use 
fleet management systems that optimize their routing, pickup and delivery schedtrles. These 
syst^B are often based on GPS positioning of their assets. Generally, the systems igrdate vehicle 
locational data at intervals of 15 to 60 minutes, and at locational precisions of generally 10-100 
meters. Thus, the need for hi^ update rates, hi^ accuracy or high integrity of continuous 
availability of GPS signals are much less stringent when compared to other trarrsportation 
^plications. 

However, if the GPS system interference caused by Li^tSquared’s new Broadband service can 
cause problems that may create lasting effects other than temporary interference, substantial 
efSciendes worrld be lost A Motor Carrier EfBciency Study ^(MCES) conducted in 2009 
concludes that there are inefficiencies totaling more than $9.6'ffirlIion per year in Loading and 
Unloading, $900m/year in Waiting in Ports, and $2.7 billion per year in Driven Empty Miles 
(Table 2 in MCES report). These ineffidencies are being addressed -in parts- with GPS based 
technologies. 

Highway Safety Improving Technnlnpiet 


’ On-Star’s report to FCC, File No. SAT-MOD-20101 1 18-00239; Call Sign S2358 
http://www.6D.csa.dotgov/facts-research,^research-technologv/report/RRT 09 015 MCES.pdf 
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Existing systems include Driver Monitoring systems, whicli is a new-and upcoming technology 
whereby individual driver’s driving characteristics are monitored with on-board sensors, 
indudmg GPS, and cameras. Th^e is no independent study quanti;fying the economic benefits of 
this technology. In today’s systems, the required GPS accuracry and continuous availability 
requirements are the same as for the operational systems described in the previous paragraph. 

The other key area where GPS signals are heavily relied upon (from accuracy, high fi^uency 
and hi^ integrity availability stand points) is in emergency response vehicle (ERV) operations, 
such as fire-and-rescue equipment The population size of ERVs would be relatively small; 
legacy GPS systems on these vehicles woiid likely need to be replaced (Asstimption 3). 

From a safety benefits standpoint, the most important upco mi-n g technology that would be 
impacted is the Connected Vehicle initiatives spearheaded by RITA. Advanced Vehicle-to- 
Vehicle (V2V) and Vehiclc-to-Infirastmcture CV2I) cx)mmTmications based collision warnings 
and crash avoidance tecihaologies are seen as the next technological leap in improving highway 
safety. While GPS integrity risks posed by LigJitSquared heavily impacts these initiatives in a 
domain where commercial motor \"ehicles would be participating, ' 

Security Imnroving Technologies 

Hazardous material (HDSr^ -load, tracking and cargo dieft prevention are critical areas of 
importance not only from a safety and economic impacts standpoint but also for their national 
security implications. Solutions to these concerns rely heavily on GPS signals for periodic or 
event-triggered monitoring of vehicles and/or loads. Th^ have been studies where ewnoniic 
impacts of these solutions have been explored. For instance MCES study suggests that the 
potential socio-economic gains in resolving cargo theft and pilferage problems in the commercial 
motor vehicle industry are in the order of $1 5-$30b annually. A 2004 study “Hazardous 

Materials Safety and security Technology Field Operational Test Evaluation” quantifies costs 
and benefits for tracking of tIM cargoes and the highway CMVs transporting tiiem. Althou^ 
these technologies often involve GPS signals’, the main difference between the general frei^t 
operational applications and HM applications is the location treking rate t- for HM, the locations 
maybe updated as often as every 5 minutes. It is unknown how the interference from 
Li^Squared’s terrestrial towais may impact the tracking requirements of these systems. The 
same study cites that at the time of the study there were approximately 709,000 trucks associated 
with 26,760 U.S. fleets hauling HM. FMCSA is not aware of publicly-available data on the 
percent of fleets/vehides currently featuring cargo theft prevention systons. 

CMV Enforcement Improvements 


In April 2010, FMCSA published a final nile that established new performance requirements for 
electronic on-board recorders (EOBRs), used to record drivers’ hours-of-service information. 
(Recording of HOS information is required under 49 CFR 395). The April 2010 rule mandates 
the use of these device only for motor carriers found by the Agency to have severe HOS 
violations. The Agency published a follow-on Notice of Proposed Rulemaking in February 201 1 

® 5ttDy/ntl.bt3.Eov/lib/modocs/reots te/I4095 files/index.htni 
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that would significantly expand the population of motor carriers required to me EOBRs. This 
rule does not specifically require EOBRs to use the GPS signal and the spatial and timing 
accumcy requirements are similar to those for other motor carrier operational oversi^t 
applications, and the nature of the interferende foreseen is based on our stated Assumptions. 

In addition, FMCSA is w'orkmg with RTTA's InteUigent Transportation Systems Joint Progreim 
Office and Federal Highway Administration on Smart Roadside Initiative (SRI) and Wireless 
Roadside Inspection (WRI) projects which aim to streamline roadside inspection processes 
throng the use of technologies that leverage wireless connectivity and GPS-based timing and 
positioning infonnation among others. The MCES report indicates that weigh in motion systems 
have the potential to provide $4d Im/year in societal benefits. ■W’hile aspects of SRI and WRI 
may me GPS based functions for such tasks as geo-fencing, tuning and positioning, there is no 
existing study that isolates the benefits uniquely attributable to GPS signal use. 


PosiPoiiing accuracy is stated in terms of “nearest town”. Minimum update rate of positiomng logging with Ifae 
stated accuracy is every dOmiiiutes. Maximum allowed deviation from coordinated universal time is lOmmutes. 
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Appendix G 

LightSquared Impact to Nationwide Differential GPS 
Input Provided by the Research and Innovative Technology Administration 

1. Snnunarize and quantify current and future benefits provided by use of GPS-based 
applications and any cost-benefit analyses that are available. 

The Nationwide Differential GPS System (NDGPS) is an enabling technology, providing a 
highly reliable. GPS integrity function to meet the growing public and private sector reliance for 
transportation, agricultural, emrironmeiital, natural resource management, surveying, weather 
forecasting and other applications. NDGPS service is provided &ee of direct user fees to meet 
the needs of federal agencies, state agencies, industries, universities and the general public. 

NDGPS provides support irrfrastructure for several U.S. DOT research projects, and bears 
opportunities for future cross-modal transportation safety, security, efficiency and emergency 
response applications. NDGPS is the only ejdsting national infiastructure system potentially 
capable of providing a timing reference to backup GPS. 

At the direction of the National Executive Committee for Space-Based Positioning, Navigation, 
and Timing (PNT EXCOM), RITA completed a systems analysis and user assessment of current 
and potential future NDGPS requirements for transportation and other appbcations. “NDGPS 
Assessment Final Report’ estimated return on investment on NDGPS funding in terms of 
Federal cost avoidance alone was estimated conservatively at 87:1; the value of private sector 
and state and local government use of NDGPS fer exceeds this figure. 
(hitD://www.navcen.uscg.gov/pdfindgps/ndgos%20assessmeait%2Qrgport final.pdf) 

There are many possible opportum'ties for NDGPS use across surface transportation and other 
terrestrial applications. A selection of these opportunities includes: 

• Under National Security Presidential Directive (KSPD)-39, “U.S. Space-Based Position, 
Navigation, and Timing PoUcy,” DHS is reqjonsible for “the use of positioning, 
navigation, and timing capabilities and backup system.s for ... Federal, State, and local 
governments.” NDGPS is an existing national infiastructure system that is being 
researched to provide a non-GPS broadcast system timing reference to backup GPS 
timing. 

• DOT is continuing to pursue potential high accuracy (HA-NDGPS) upgrade (1 cm 
accuracy). The HA-NDGPS research program goal is to develop an inexpensive 
technique to achieve sub-decimeter active navigation fys. static positioning) using 
existing infrastructure to the maximum extent possible. Results to date indicate that HA- 
NDGPS has the potential to enable Intelligent Transportation System and Intelligent 
Railroad System safety technologies and other dynamic location-based applications in 
bpth urban and rural areas, and significantly improved services to existing users. 
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• Ttie U.S. Department of Agriculture (USDA) sponsored a 201 1 study, “evaluating the 
potential fer new civil user services that could be provided from NDGPS sites,” which 
identified fifteen classes of technical concepts, at different levels of technical readiness, 
which could be enables through current, expanded, or enhanced NDGPS services. All ' 
will require budget, requirements, and policy decisions by other civil agencies or the 
private sector to pursue. These categories include; 

1 . GPS Momtoring 

2. Positioning (Ranging) Source (GPS backup) 

3 . Timing Source (GPS backup) 

4. HA-NDGPS — Expanded Coverage 

5. GPS PseudoHtes 

6. Diplexing Signals 

7. NDGPS + WAAS Applications 

8. New NDGPS Messages 

9. NDGPS Compass 

10. Broadcast Telecommands/Remote Commands 

11. Signal Overlays 

12. Networked NDGPS Coirections 

13- Wi-Fi / Internet Access 

14. Real-Time NDGPS Info on Internet 

1 5. Tropospheric Modeling. 


2. Summarize and quantify total sunk costs in GPS-based infrastructure (prior years to 
date) and planned investments going forward. 

The pOT-fimded (inland or terrestrial) NDGPS sites represent $71,790 M in direct DOT funding 
for GPS-based infiastructure (FY 1998 -FY 201 1). An addition^ $25M in funding has been 
provided state and local partners for specific site development for a total investment of 
approximately $97.0M. 

Pending Congressional action, plaiuied investments going forward include; 

• Annualized operations and maintenance: $5.6M/year 

• Recapitalization of NDGPS equipment: $4.0M 

• Completion of NDGPS single coverage across 100% CONUS (seven sites): $5.6M 

• Completion of NDGPS dual coverage across CONTIS (26 sites): $46.8M 
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3. To the extent possible, qualjjy, quantify, and describe risks to yonr agency's GPS-based 
mission capability, including "lost benefits" if GPS performance were degraded (or 
lost) due to LightSquared's signals including the costs to modify (or replace) GPS 
receiver infrastructure and the time frame required to replace that infrastructure. 

Based on the reports of the National Space-Based Positioning, Navigation, and Timing Systems 
Engineering Forum (NPEF) which was tasked to assess the GPS impacts of LightSquared's 
deployment plan, and the OPS Technical Workmg Group (TWO), NDGPS would be unable to 
operate if LightSquared operations were allowed to proceed as planned. 

As a cross-modal service, NDGPS is funded through the Research and Innovative Technology 
Administration (RITA), but RITA has no mission requirements for NDGPS. However, NDGPS 
provides mission capabilities to otiier F ederal agencies and their partn^s at all levels of 
. government, all of which would lose NDGPS availability if LightSquared were allowed to 
operate as planned. RITA cannot estimate the costs or schedule for mission agencies to replace 
the NDGPS infiastmcture with another service, or even if such a replacement is possible. 

hi addition to providing a real-time broadcast of differential corrections, the combined NDGPS 
utility provides a robust operational backbone to the U.S . Department of Commerce and other 
users for the following activities: 

• National Oce^c and Atmospheric Administration’s (NOAA) Continuously Operating 
Reference Station network that enables post-processing survey applications, Web- 
enabled location solutions, and maintenance of the National Spatial Reference System; 

• NOAA's Earth System Research Laboratory for short-term sevme weather and 
precipitation forecasts, and transportation safety research triplications; and 

• Ionospheric monitoring by NOAA's National Weather Service Space Weather Prediction 
Center. 


Anon-exhaustive selection of othCT community uses includes; 

• State DOTS and Highway Community — survey, construction, quality, asset management, 
roadside management, law enforcement, snowplow guidance. 

• DHS - GPS Interference Detection and Monitoring program. 

• USAGE — dredgir®, underwater surveying, aids to navigation. 

• SL Lawrence Seaway — Supporting navigation in the St Lawrence Seaway, in 
cooperation with Canada. 

• Department of Agrioulture/Department of Interior and Resource Management Agencies - 
one meter real-time positioning and navigation for lands and environmental management, 
fire management and safety. 

• State and local government agencies — state, and local transportation, natural resources, 
environmental protection, agriculture, and parks agencies. 

• National Precision Farming Association — optimized plowing of crop rows, tailored 
applications of seeds, fertilizer, wate, pesticides, precise leveling of fields. 

• Professional Land Surveyors — precision survey, mapping. Geographic Information 
Systems 

• Research Requirsmeuts - Alliance of Automobile Manufacturers, Advocates for 
Highway and Auto Safety, Association of American Railroads, FHWA FRA. 
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Memorandum foe Mr. Karl Nebbia, Associate Administrator, 
National Telecommunications and Information Administration, 
FROM Deanna Archuleta, Senior Advisor to the Secretary, 
Department of the Interior 


LMM' Sales DepailHKrf of #g fattora:- 

-OlEKlCB’OFTHE^CEmaSr' . ■ . 

FOR: •K3H-Webb5S,,Assoaatej?dmim5fe!%tc». 

^^atlona^td6CQm.aunlc^OBS•ar^d^l^#c^o5^ali^ ^Ailmmlsttatiort 

Department of t-he MeilQr 




•saBife: 


lmpacte-:Qf ^bigbtSquared-lTfierferencedn ^PStC'.the D^'ftfnenS 
of tbe Interior 


The sfr^Jjs rntssior.lsplsased-.tOfsspo'ndfo.iiie.ireqae^'f&i'lnfes^rn^ation'IrQfn'xke- 

.Bcecutlve»SDrFimiit€e for:%aee>Sa5ea PQSitidnfrr& Rm^lgatton aptfUmir^ T^e EJopartmer^ 
r^^n5:CQmmfEtedSo<prev®mngdssrupScms of @^5 operafioas, N^lch have becewne so cntKsi 
to'th'eBepaptaient.and'&e.WaEKsn:- 

^heXSFSfe-vitdly-impprtanS-in-aoquidngyifttsl^e^eiytypeof^Btialjy r-^ef^esddata'Jrr^se- ' 
ifthere JS-a^piBcebf^cta that is.eol]ected:Usmg'm©.5fem-®qulpra€F3t, (iPS 1 s 1 n 1 f)'e 

badfground pn>vi.d4ng;tbfij)05i#Dni.ng,vTi^snr?cKrfes ashai and sateiJite imager^ seTsmle 
networ-ks,, [and surveys, en^neenrig and sqeri^ic obseivatrons sf ail kimis. It has becomeso 
:pervasiye-:ttri5 taken for grated.. WitbQiitvit/amr l^On’WOi^^be'set^b^^^ 

li Sumn^flze.and quantify current and ft*ture benetfts provided 
appllpafloh&and sny cost-beneSt analyses trat are avafi^ie. 

the pepa.ftmef>t,of tha lnteif(3r^Gl-), issyed 3-t5PS Reportbassl-oo upon an- extBRSlve- 
fr^ema! survey. ThfireportidentmedSSdlfferentSPS-basedappiicationareas Thus, there ai^ 
many djversebenefftsof'SPStecbrtcrfo^ wfthinDGI. 

Strategic5l^thef6-are.®tmy1aensfR3’is}--gslng5£fS.technol©gy' SefcwlstscomEnettti'g-orBa.&Ot 
GfS.useTdeserrbjcig-^'yalaeof..^S-as---aseiOR'?ino.§ds^v^^ate|i!iQ3ecC:.i 

:s^e-qf>'the‘-aft t€i^ra^i^.wx?si^ye/oj5ecf tmd^sed by- 

US - SeQiQgiCxd‘$mvey iUSQ ^ lfar-G . piiotpmssctm -^ Bomds ^ x / srgkidss.m thetnfd-^FSSOs to 
ditnanstratsond qsim7dfy^e\ierd<:x^dceumcy.a^fsvaidS’mx3wsthnd€nvir^nmmJt'The- 
pu^GSe of the project was to demansiratedTataregfoha^ topographtcsurvey with a vemcai 
■aitcumc^.3pec’p^catia.r.^<^l5ipenttmeterswas>jBa&hJ€. fhe=pJhfj7mJe&.was'Sua^ssfitIj -and 
fed tofbe muft^yepr project ’Vtgh:;ik:cirracy £J.eymmBcft&.-Q>l!emion J^mJec^^ imderfhe 
pp^icqs (^the-b^C^,:f^itmty EcosystcmStefi^s^pgram, fhoT wasJbnded.i>ymijtPp[e- 
Fsdei^land Statsagenaes. A campcmenP^^d^projetd'was-'the^d&Pskfpmsntcf tf 

heUGQpter-based survsymg mstrament knPWB as the “AirSarpe Hesgltt:Emd&^ basedort tSP^B. 
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Ve7t^/ge<;)^sfjc.C(???rrp^ wpt! as ve^rtiaai reference marks far water feyei gages^ 

wereabQsurveyed^sihg GPSte^^ 'TheprQjecTwas:CQrnpletB-d!n 2m^-w!nlkating-M 
fe west accurate Digital Eievaiion'Modef ofths Everglades everpiadiJced. These data are 
crkkal mput-iQ'-hydrolqgjk^aridecasystem restoration -models ibe/hg developed for the 
tomprehensive Everglades Restoration Man/Wdss succes^tresufts would ndt have been 
possible withdid:-GPSl . . 

Unfortunately, projects ilkethls haveiibt bseh‘?l^S;stib]ett-c^;a^^^ analysis with regard 

to SPS. ^ 

'tfie Gepaitmant.is aware'-of'a'-number'stydfes.arfdrsssln’g- 0 £^--;be^fi:'.tliaf inavebeen 
-coritf tKSed related to geospatial data In generat ¥or e>canipl^ the Mstiorral S^detiC Survey 
Issued this study: ^'Soc]o-£coTiomIciB.ertefeStady:5'cop1ngthe Value of GDI^and:6RAV-^Di" -In 
gsnerafl/.it rs reasonabieto believe th3t this.Teport1:ypifiissthe5tiagi3itude;Bncltyp6:cff benefits 
vthat can Be expected froTO Gf?S-appiicat!o.n5. 

the DO! GPS Report e^umstesthe Department has invested between SiCBto^^OO mrfllon In 
GPSredinclogv Estimating a tenfold retumoT}':S53sGBSinvestm^t;,-asputforwa’‘dedbyat 
least rome mvestigators, this su^ests the Departmenihas feateed afoout$3,*-2 iMliion in 
benefits from GP$ 1n oddltjac, the Dspartmerft continues toinvest in ^S^atUierateofabocn: 
$ 1 ZS 2 ^ milifon ar^nualiy;Bgain assuming^ faefnr of It) frrr these i^efits, therejs -an sstiraateg,: 
annual return ot $12Q-$246-iniIlion. 

Tfr e?GpS R^ort cleariy :lndtc-ates that the use^ofrGf S technology^isgrovwng.withln the 
Jfepartmeax. Ibis.impliesthatfu^re benefteto theBepartmerit-wlligro-w-tootpsiticulsilyi^ 
■i^^modemitation tspaisifmes are impteraented). la short, GPS technology fea^FOven high ■ 
•yslae'^sat;W.ideJy;U3ed#iro.p^a^'1;he:.pepsr6meitt-- 

2. SUmTO^ize-anid^ii^ntf^tdtal-sunk'rCbsts^iinGiS^aseSipfrestru^ure^llpr^^ 
and oiadiied investmsntsgoing forward; 

'As:mentionecl;in question one^ the 2020 SPS Re|joi1r-estim.ate5the:Etep3iJnTent hastavestedin 
the range of ^100 ^"5200 million m-GPStechnotogy Tt furthef-eaimstes fc Department 
‘.inv^ts m GPS si rateof-eboiJt$lZ-S22 mFilronsnnusily. Ji isfmportsr^ to note "Siat there Is 
no coordinated gisn farGFS:investm®?tsin-iDOi. ifeeb ;bor:^u>.agef«^or oflee manages^Ss 
own GPS Investmentec Thus, it'-s. .drfbcutttO;:know with':c-erlBinty wb.at:iriyesarnefitsareiiSlRg 
planned and made. 

S. Toihesextent possible, quai%,. quantify, and describe dsks io yobra^bcy’sijP^basedl 
nitssrpn eapfabihty, including "lost benefits" if GPS performance were degraded (brlo^} 
due to li!ghiSc|uarea's slgnals lnciuding the costs to modify {or replace) GPS receiver 
in'^stpcture anc tne time ^me required to replace that infrastructure. 
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Because of the widespfieaiJ use of GP5 withiothe Departmerttof the intenor |D04 it is hot: 
possible topfovMs 3 eomprehenswe vtew-of the ia>pacSstoi|fiteriorfTOni.the':pIanrfed 
UghtSquared signaJs. It Isoiearthetrtipacts are signifieBnt and ineltrde s^ty of iffe applications;. 

Seve.rai points are. highlighted, first, .DOi receivers were tested and fouhd.ts be adversely 
irrrpatted. The. impact of tiglttedSquared signais to severai applicatFDn:i!omain5 iS expiamedf 
®ese domains jraJi ude general uses of GPS, haturai resoPrces^ ».'iidfife,,‘!aw enf6rceraen\ 
geospattaiprqgrams, and. hazards; Lastly, the cosfto rapiace,cr modlJysxistfegGPSrequipinest. 
Is. disGussed. 

TESTW® .OF B»-RECETO8S . 

The EK31, through . theSureaupf Land WaHagetnent; arranged tB have.iahumbef .bf <^5 mapping; 
ahd'survesr:receivets collect data'dufingthe.ppeh sRY teStfegat-.Itoiiojhaft jsiir Ebrce Base, This 
equipment represents a cross secHsw.pTmapping and sucveying reGeivers cuiretiily in use 
■vjithin .D'OL Tn.generai, a1i,of.thebepartinent'5>tested;r«'eivets ehcpurdered prabjems, .witti 
. someexeeptionS; The4ig.htSq«artedsignals,,aste5tedi..s.evBreiVljrattthe:tfepartE0:eht'ste^ ■ 
SPS; . ' ... ... ...... ... 

GEfjERiL 

The .203:0 G.P5 report assessed the impst rf.a<GPS;Qi3tage. :The tighlSquai:edsig03ls,.in the 
wo.ta..case> would .cause . a pehfnanent outage of GPS fliLsignahi llhe :RBpdit indicatesBftlL of 
;(3P5:users.seepercnanentbss3s high impact. FarthermBre, this:bigh impart wouMte 
.exatefb’ated fa:eca.aseaTOiajorj*yoTT>Gi6:RS:user5do;not.ha¥e.bactenpp'tarts. Evewwhere,l)aEk' 
Bp piahsejast,4he.y would. -resutt In a moreicumbersome wcirk:flos«.for..6mplovees and tower 
accuracy products. For exaropietbereport. quotes . a G.PS.fie!d . user: 

4., §je.bm3(-^p.plan, J'-SfS were ts^o-om.ikiring pJomeiiji^dtseoamtsstmcejWmH' 
be to rely on making marks op topographic or ba&ymPttK charts. M/e use to manually 
plot OUT routes and mark tocabans prior to use of 6PS. CPuSd do fftat agdm. Transfeirmg- 
tkazinformation to GiS fBeegraphk inf ormedor) System} mouldresaltm a less aeairale 
product^- biitdoablB-. field rscormmssance is curreoMy.plmmedjitritk/dieassumption thai 
&$'wiirberivmlablef 

tJWHRftL RESOOFteES:- 

theleading useof GPS tedino!ogy.in.;BGtisiGr naturaf r.espari:e.>:app1i£atipris. itTsajnaJsrfieid.: 
datacoilection,toai ased'bYaiLreso.orcemahagemerit appiicatibhs vy!fhlh;tiiie5D.eRartfnerit.. If 
the LightSquared imple.mentationp(an.goes.fptwaid a5:.pro.ppSeii, ;ithMiti..haye a. severe .negadVe 
irripaet .o:n .the Department’s: ability tp^effieieri'tiy .and eifecHyeiy poiject dataiased to rtranage 
our Ka1aon's:reso,urces. The Department would beforcedtoigobaiScto altefriative data 
Goilection'methodS;-rrketo:tal St3tiGn survei^ wbit^ . would addcosts forbdth o.peratiGnsand 
perscmnei. ;in addiflon, the ljghtsti.uated :plan Couid resultin &e CoHiinuaily Qperatirig 
Refereh.ce Station network beinglmpedsd thus lihaiting accesS'fd the.Kat.iCirtal Spatrai.Heferehce 
System (HSHS). This Will tiarnp.er.the Depajfmehf s abflHy iO acCurateif feference its geospatial 
data. 

3 : • 



WIIDFJRE {arid DisaStef Respbns^. 

The Departhient {in cdsperatibn with the-0S.-fiorest;Service)'ira1te and uses GPS lorflre 
njanag^ent as well as ih1tf(djTriddentEoi3iinand.Sifstem, GPSjsased toddEat-gviiiM 
pertnjeters, lorate Spotfr'fes, hionitorarid fight wildfirej.tnacScrewrandsafetiyzohes, and for 
athertacacaiand safety issues., IheseasBSreiyupona'rpbustSPS signal. Without GPS; these 
efidrts would continue, butWouid reJy o'h .toapInterpretStib'B' and aerial Sketch mapping 
rnvoJ»emor6',rrianpo)«et,.re£lt(ce effec{i«Bne5s,and Gonsurae.mocedays.ipcget.a'fire jnaderit 
under controL 1S.erestdtis1tMi|thBriiarder%ip,:!ir;angeand'cpiJfHiSsvSd}jreSi, 

Other dlsaaer.ttepoiJS^ such -■aStiuMehMT^'fti.^bds ia'ii{th'tfieih4^§htGomfnani:Systsrni 
ttts the (host efficient management tool to oversee d!saster Tesponse. iismg^GRS.to, tnonitor, 
liaek,and make tactical ■deEisiojjsthaFare.identicaltofigfitiRg wildfires; 

LAWESroRCEMENT 

Law enforcement groups'wKhin tfie Departmeni.roulinBlyiiseoomiTiereial BRS sYStetnsi The 
S3^ OSes arid imp^Ss'dtedfih'^ffld ’Witod Slates PaEkiRo1iEe;afe=^o-«ades|ffeai atnBhgiai(l 
DXSTaW EnfOTberoenthnneaus;, 

7heynited,States;f.ari:.Roliceosesasimuicast;:radi0;system that relies fi.ii.0ES.t?mfogto 'ensure- 
^ppopriate synchronization of radio transmissions bjaween sites. Disruptions to the GPS sigji'af 
EBald.hawesignificara.advers® affect ontheseiradioisystems. 

fhe ifnited :States-Par1cPo1iee,inteniistD }n.tegrat8GIG.ar(d.ftutomatic Vehtde Vacation into 
cruisers in prefer To::facilitafjel0.c3fion.dafe into policle :fEpQfe;;prfigselOcatMh/hwrkiRg-fe 
oificat,' ' ■ 

W^hfn the ti^ two years, tantfiihd&feraSso.hrovf^fe'Wijriieg'a tS-t'oUfftelyiethl^d-SpS.C^ ' 
intOirsdiOs, .Use of GPS for omcer-dosvHtMi'noh-teO^S^hpIfehiTTPlUiWsr^Sielocatlan 
rrjarking.-as: a critical irfe-safetyilsSH'e- 

Withiri’Ihejnext two yeai^ the UnitedStates ParkPohee will begin to deploy in-caf-vtCfeo uriits; ■ 
Manufactarers of these .UhJfeiarealso-nwr'inclttdingGPS tecbnologtes ifor detemiiin5tio,n-df 
IfiSattOS of -recorijihg. iDiSef^anEiesinGPS focattoi)atiay.ffisitItim’ft£Ej(clHSionjQfyi<ieo:.asa; 
forensic tool -or as evidence Jn icourt. 

JN OhitedStates ParkiPipBce uses GPS tethhoiogtes in c&yeit ihVjKrigattohs-ds’ well asfor 
vehicle and cell phOne trackihgi the precEe tocafiOn can be aVcfiticai Jife-^^etylssue. 

GPS is now integrated info -E-9il syaems-. White the 0.0 ited States Pario'fSislfee.is.indt hpnfnary 
public safety answering.poiot-fPsAP!, and does riot have an integrated 911 .systems, they 
receive transter calls from the yafiOus PSi®S'iri die NaSorral CapitalRegion.' As these dispatch' 
centersiUHiize erihaiiced 911systeitis:{E-aii5 or;meK!fonejct.generation-911.syStemsjthe. 
accuracy of GPS wifi be a critical.iife'safeJy issue. 
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Tiie Natiofial ParkSentfice tnairRMns PSARs-in: teiemite, YeStowstejifij^nd Grand Canyon, targe 
parb refyon E-Slifor Irtaation-baseftSii.ra^^ These PMPs-feqaive calfe-ftcjrn QnStaT and 
othersipiilar vendors thdt provide emergency FesRpnseseraces tothe .mc>ti^ VdbScle rtiar(cet. 
Park visitors’ IWes have Been.saved based ontheifelialiliitY of the GPS Eocation^baSed seiVices 
included in their vehides. 

pseof GPS-based iracking(ieV!eesis:spreading;r3pjd(ythrpjjghout-f{ie:b,pi landscape; iritertoi: 
enjiflby-eesehdtheirsiiaeryisdtsere.-reiymgDB'tbe'Pidaily-fofCTiecalJIfe.safety'aBplice^^^ 

ih tte-ihanneehvironmerit, GPSiisibed^d:ptnpd}nf SeEartty perimeters, for IsSiShg 
viobfion notices, ana fbrmordinatesiinanybpategacddeSt itivestigatioii. .fclbst1nippftanti55' 
iGR5-ean.determine .the lo:catfon50f-a vesselin^rstfess-when they ^ye Cbbnitr),ates(Sf their, 
facatlpn,. SPS:is,usedtoass'istfn!Cporfflhated:ah,dfcg1ra!grid:seatGhand:reseuei5ls5i3hs:for 
missing vessels: GPSvcan ;pjpt!cparseS'»»feti.trave:l|ng':b.dtV4eeis destihatibhs, iGPS’wili afsd 

dpcurrtant'preGise Jpcatidns teiated.to deafhpni^liapohs idrownirigh 

Manyet DOI's.3{X)0 boats nowmcMeGPSSapguiflanqe,- Soat apSratprs.tdjptiBtfoahcufacy-. 
o.fGPS:.navtgation.:at nighii.aad Jn .adverse.vyeatijer. ‘WitbpijfaccUrateSijafiiie'ra 
■systemSj.hves wtii be at rlsk; 

■In aviation, G'PS iS-used in the atfbome:moving.map system and , in.theavlation f!igbt foBowfingi 

■ systems, it helps employees.coo;r£8nate-anoeon£{uct !ogical grid,seaFCh.and rescue raTssjons. ft 
IS used to iocatedend conduct rescue missions or law e!i.ferGfiment .sopp<*t misstensfOTi 
incidents in wild land/ba-ck coii:Btryace^.t GPSls utifeedt® mark potentiaf .threatareas or 
tssues in support 0f Presidentia1.p*teatoD.daties;of1ihs'aviatfon':ttnib.. 

taw-£nfgreementf-roi3actSvDfCott»rofnised»GPSAccuraac 

• (rwou1d:.have detrimental impact on .fife safety of empioyeesend poblia. Asurtany cdiut^ 
andpersonalOTvehiete/vesseiifocatisBdevicesasd-systerns (suchas®hSfirh!hd''<i#rovide: 
SRS‘ioJ3iJon data, .maccarariesiin that-data may prohibit a tlm^ respdBSe iolacafrrig the. 
person or vehiGie/ vessel in distress, In inanyinstanEes,seconds.and.mi'n(ileS in resp oase 
flme maytruly: Riate.a.iife.iprd^fa dIHerenee, 
e It waatdcaasB isso^Tn respdbdiogfeunfamilisrlpcationsiobtsiaefflf rpottiB.e patro! are^ 
fepali t)Qt Law.bnfbrtsrnent SureaiB {rdsppndihg tD WildTafid/faachdbwjjtfy’irieall, Jbfe 
becbmesa lifesafetyis^ .vvh^.a'SPS.to'CBtidhtesign'iflEantty DffSF dhavate 
fescue tnlssipn cahhotbeedndusSedih atimely fnahiier feetausethe precsseiotatibhiS hot 
retiabie.. . ■ 

■ it ajuld cause'critical irtfrastrueture such as pdiice tadio.systerns to fall, rBmovirtgabBityto 
commUBicate qiiickiy and effectively yvith police units. 

-» ft could, inhibit effective integration otGPSIhto law enforcement reports. This brings 
potential fbr loss, of prosecution becadse of ;10GBtFoo . discrepancies and removes iocaficm as 
an' effective forensic tool -iriinvestigatiQn; Mditipnaf ly, geo-location of tocidenBifmandated 
.by the lA^Tts House and Gove'mmant:Aceountability:Qfficfi asprart.-of incident Fiflan-agsment- 
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Analysis and fteportingSystenj] is Ihe.b^is of pf^ictivs pelidrig morfefe and other systetris 
lised to determine heed for fe-engipeepjng DTmfestruaure; For exaunpte; gsoriocafion^of 
motor vefiide orasBes is usfediheamly by the.FeSera! Highway Administrafion to determine 
vyhere roadways or traffic sigiage changes orimprovernenfs need to be made,, irnprectee. 
■locations .coaid result in skewed .artalysiS to address criminal or.mbfofvefftGle'trafFic 
' patterns add behaviors. , . 

• ;lt wpiildlmpaGtshforceraerJofmartnesecurity zoneSi The Hnited'Staids ParldPoilte-is, 
responsible for maintaining s^rity zenelbuoys and raafcingsure ttetrfecatioris.ape 
accurate, f'c(tentiantnp,aet'catite!'be1tjssss£a‘bi!ity.t0’proapufe.casids'sq.tdessiiiiiy,, 

:® .tt'wauldsgrtfficabtiy. affect fheiaMifeyilC!‘.lracka1rJ5orae assets. Shoaiditfeefe-be bn atrbarne 
:1ncident/acdderit;prq.p.erfecati3n:fDremCTgency.resp.onse may riot:be obtain abfe. 

001 .Law Enforcement. Summary: •Withlaw enforcement programs"iri ^bureaus aBdAOOQ 
officers thfoughDut the?United.States, disruptionto commercial .GPS: systems eouid baVe 
reaiistic cdlicaiJmpactto iifesafety emsrgsncytresportse and rescue dpeiBtlofts. Fartherrebre, 
di5ruptibn:resuit!Bg:in,ifiaGciiratBlo,catlonscotitd,pro.yide!eg!timat6arausefbr.doai#tinieHnjiRai' 
investigation and prosecution. Finaliy,, ipaccurats locations removes effectiveness of predictive 
modeimg.toolsto aadress criminal andtraffic tssaes and behaviors, wfSch would adversely 
.effactproaGti,y.e-effGrtstsredB<!e-Grims3nd-.snhanGe’.lraffic-S3fe®yeffetlSi 

HAKifbS 

tHefDeparBttenlttsesGPS techBOfogy-in its hazardspcQgram. In particuiar; earthquake and 
■volG:an6;moriitpfing.systems.rely :UpDr! SRS technsfogy for measuring smafl movements jn' the 
Eafth^S'CFtist. Veiypredse recor-ds’.fff dally SRSiStation posiaons, some going teck^O years, 
■.provideirrepiace^ie-infortnatten .about.thes(}efo.FmatiOB assodared" with'waicatioesj ■ 
earthquakes; and active feuffing. These GPS networlcs are beneflciaf for understanding earth' 
"processes but also for.warning.ofidaBgerousicondttions, Upgrades to. reafettFitB processing; 

: currently in progress, will >ertha:nee1:he.usefBlness of G PS.in voJcqn.o monitoring; earthquake, 
response, and ppssibiy fiarthquakeiEarly Warning; In addition, seismic instruments useGPS fbt 
istable; predse t1miiig --alEo impoFtan.tfor an-derstBnding'atid warbingiof dangsrous earthqHaks 
events, The fang-term inebility to use GPS and potential deg'adatton of theGPS Llsignafs ; 
would have ,a.;m3jcT detri.mentMimRa.Gt3n.Dur NaSqn5s.abtffiy.tp.updeEstana'yoic^^ 
;.^itfiqESkepfoces:sesliut.a'lsQ 'pbSep'-tfire.atftbthe pfiblic byhot.hemglabjpt^.mohjKjfah^^^ 
warn qfh3tafdaus;cpo3i.tiphsi 

Ifi 2010, the Eacthqaake aiittVoicano; HazardsTTograntS coJiaborated iotprocure 'n5w.;sfat.eroif- 
the*3rt GPS equipment .using almost $2 millloB:ofARRA,iAmericaq.j5ecpvery and Reinyesttn^t. 
Actj funds, A. S-year . task order is;in afJect,:aHowing Ha2.ar(ls.Pfpgrarastq.s;se,en.pther:g2.miHion 
of non-ARRA funds, shdUld:funding become avaitabte for further plirbhaseir 

Seismic iticmitoririg; sup.portihge3rthquakg“aierting;and'tsuhami Warirtlng ' 
a Global Seismograpbic'iyetwprR.' 

* Advanced National SeismlB System 
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DefoTtnaMori men'ttoririg: regonai GPS netwdtte,funded bv the Oepartmeitt-for regiOrial 
deformationTTioi1lto:tifig.|S6iJthernGafifefh!B,,5ari.Fraileisc©:fevareay Pacific 
NorthweS,l-itah (WasatiShTOui'tjj cetrtra1:tl;S. /few IVl3dnd.Se5sm.ic Zone) 

Voleana monitoring : set^rc,:GPS.and oi:hergeophy.si!::a) .aHd.gedchemiCBf monFtbrihg systems. 
Six volcano ob^fvatprv'-siifes; HawaH/Ga1ifbttiaj <Diegon)'WVafttngt 0 rtt. AIas1<a^^ 
'■yeitowstbne, (s/IaFianas . 

landslide monitoring : ■mb:nitoriiig,-a!ip.reXimately a;do 2 en.r.Bseardi..S!tesfc the western .United 
Estates, . ; 

T1>bab’0ye;'re1y'OTiGfS':^jdg>:ail,t|pbgTi;garHB'Sy^sms;uaa'fSet«ar!s'TOTei¥:^^ 

Isyaemssopport fepaflt.raeril3t1.icesp&nsjt5liti^MdeffliiE!Stafepdi3ffitff’.pfb,wye%a- 
warmngs..and notificatioris.- 

GEOSPATIAL PROGRAMS 

■'Irfterior'sJ'iaiion.aiGsospatial PrQgcara'fWSPJ reports thatthectegradatfeH'of:'®RSwoald:havff 
•devastating impacts on eaeryone iwijo ceilecEs geospatial iirtformstioa:.:^ early it3S%sf the MSP' 
idaia cotlection'tnvolvestfae;iise'-'Oi''SPS. ■For-examBieii'allraodisrKaiT-baiTie'andisateirtebasBd 
iacquBition systems fb' inrageryand other- types -of ramotely sensed geospafiaf'data are 
deoendent on GPS for navigation and pasftlornng. This indodes grtho-fmagery ansielevatiort 
.datathatare -part of TfefiiEtfO-wfWipp. 

The Wofiono/ Mop isia set oT basic geospatial informattori provided as-a -vanety of prOidat& 
■and serviees. These prod:iicts and-ssry1c^ are:used-.wldely.by-pufa!fe3nd prlV3lie:sector..agendes: 
im applications :such as-seieniifio;iavestigattens,.errretgency.mspoBse,,inatufalicesoatce 
. management, planning, and recreation. 

: lf GPS were not avaiiabie, the;lmpactc«t)4bE.-l3fiP and fejtnanyjpartefers andicontcactoics to Ae 
.geospa&al cornnKunity, wocdd beextremely sgnfficant. The acEBratei..caFwit.geospat!af 
information asers 'have-come.ito expect to-fee readiiyavallaMe , would ibe. esremely- expensive to 
.Eoltect and would hkety become qutekiyioutfof date. The, importanceOTpFeservingtherqaality 
of the GPSisignai .is cripcai -lo' the continued saccess oftbe NGRi 

COST TO SEPLACE/MCDiFy CURRENT SYSTEMS 

Tlje effects from GPS signal .denial would cleariy bs-experaswe. ft jsdiffiGtiftTo'spEoulateQn the- 
iimpadt ofn-epJadngfhe .Depaiteientis-SPSireoeivers. Mowever, Ae .Department .esfimates that 
fthas oyer-SlOOrniilion.invested in this technology.- irhetepracera.en.t-costs-are thoughttG::be.!ni 
'the;$2Stb$5'00 miliipp range.' 

To some degree, the D.epart.ment, through fefaureauSj agencies, .or .pfaesSjJs.cpntinuBily 
■o.p.dat:in-g and iinp.royrng feeguEpment: Whh-t'he GPS-.banstellatibn.o.f.satel!ft'es-mQdernizafidiT, 
the Departrn.ent wi)|-neecl toap^de fts-squipment :fb tale advantage Of nevyiGPS signals, lii 
additibn, o-ther Globai fevfgatic® iSateitteSy^em$/GHS9 afe'.emergftgih addifl.drrtO'jGpk'. -f he 
Deparbneot-wlH also heed lii im jSfoye upon .buf cutraht GPS ei|u1pmsht/{bbe OjilSScompatibie 
and .interoperable. 
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. :A sho/t-term requIrgmBilt for3 departmentJiiviMe repl3cerneott)f rirKjcfiiTCBtbn WoMlf be 
cfeaotrc, expetisive and i;>egat[vfe1ylnftuenG€;.£Ne Departments ^PSappijc^^ j^rtanyof^bese 

.appJIC^bm arfi critical to our mis^n effsc® and pur resource efffdenc^. With 

adequate funding 3, gnadtral upgradeormodificgtjon^p receive^ owerSlnts {afew v?3rs^:WouJd 
•bereasonab'le and would need to be done b a dfilibera^ we^l-plairned rnanner:. ' 

CdNTAGTSr 

■ •Mifo.-I^banson. DepsFtmeot.-of'tfie hiiteirloo 

Spscs-BaSed Posmoning, N^avigafaonartd Timing (7D3-&5S-5IS2 or 2D2-482’i3ai9'^ 

..mroblnson @-u^.govor itflHo-J^©famsG'R@pntgo^r).. 

■DiTb-Lewis, departmferit-QttbeJTitefbr, InteFop^d^l^/Prqgram J^9artager^ fdadonai, 'Sadie and 
.'Sp.&±idm;.PrpgrsiTf. Man^emeiTtO.f«^'-47b^:'^^5-5SpWr:2023^^23^^^^ , 

•.C|uf^oj;ih;e;rJ;:ewF5@icsidca^v^^^ • ' 
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